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(54) CHEMOKINE RECEPTOR ANTAGONISTS 

(57) The present invention relates to a compound of 
the general formula: 




(I) 



chemokine receptor antagonism, and thus they are use- 
ful as treating agents for various diseases relating to 
chemokine, such as acute inflammatory diseases, 
chronic inflammatory diseases, acquired immune defi- 
ciency syndrome, cancer, ischemic reflow disorder 
and/or arteriosclerosis. 



wherein each of R 1 and R 2 which may be the same or 
different, is e.g. a hydrogen atom, a halogen atom or a 
CO ,ower alkvl 9 rou P. x is a n oxygen atom, a sulfur atom or 
CO CH, Y is CH or a nitrogen atom, and A is e.g. a 1 -substi- 
CO tuted-4-piperidinyl group, a pharmaceutical^ accepta- 
ble salt thereof, a pharmaceutically acceptable anion- 
exchange product thereof or a hydrate thereof. 

The compounds of the present invention have 
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Description 



Technical field 

[0001] The present Invention relates to novel compounds having antagonism against chemokines which are leuko- 
cytic migration factors, methods for producing them, and their use. 

[0002] The compounds of the present invention have high affinity to chemokine receptors. By inhibiting the action of 
the chemokine receptors, they can be useful in the field of pharmaceuticals, to prevent or treat e.g. acute or chronic 
inflammatory diseases such as septicemia, pneumonia, arthritis or allergic diseases, acquired immune deficiency syn- 
drome, cancer, ischemic ref low disorder, arteriosclerosis, or rejection symptoms after organ transplantation operation. 

BACKGROUND ART 

[0003] Chemokines are polypeptide leukocytic migration factors having molecular weights of about 10,000, and at 
least 21 types of peptide families having similar structures have been found. Further, at least 7 types of the chemokine 
receptors to which chemokines bind exist on leukocyte, and the receptors are considered to play an important role by 
means of selective migration and activation of leukocyte in many inflammatory diseases [Trends in Pharmacological 
Sciences, 17, 209-213 (1996)]. 

[0004] Accordingly, substances which specifically inhibit binding of chemokines to the chemokine receptors are con- 
sidered to suppress the selective migration and activation of leukocyte and thus be useful as pharmaceutical drugs for 
prevention or treatment of e.g. acute or chronic inflammatory diseases such as septicemia, pneumonia, arthritis or aller- 
gic diseases, cancer, ischemic reflow disorder, arteriosclerosis, or rejection symptoms after organ transplantation oper- 
ation. 

[0005] Further, in recent years, the chemokine receptors have been identified to be receptors on target cells, which 
are important for AIDS virus (HIV) to infect to the target cells [Nature, 381, 661-666 (1996); Nature, 381 . 667-673 
(1 996); Cell, 85, 1 1 49-1 1 58 (1 996)]. Further, it was clarified that chemokines and chemokines which lack an amino acid 
residue on the amino terminal inhibit infection of HIV to the target celis [Science, 270, 181 1-1815 (1995); Nature, 383, 
400 (1996)1, 

[0006] Accordingly, substances which specifically inhibit functions of the chemokine receptors are considered to 
inhibit infection of HIV to the target cells and thus be useful as pharmaceutical drugs for prevention or treatment of 
acquired immune deficiency syndrome. 

DISCLOSURE OF THE INVENTION 

[0007] The present invention provides a compound of the general formula: 



wherein each of R 1 and R 2 which may he the same or different, is a hydrogen atom, a halogen atom, a lower alky! 
group, a lower alkenyl group, a lower alkynyl group, a hydroxy lower alkyl group, a lower alkoxy group, a lower alkoxy- 
carbonyl group, an aralkyloxycarbonyl group, a formyl group, a carbamoyl group, a lower alkylaminocarbony I group, a 
di-lower alkylaminocarbonyl group, a lower alkoxycarbonyl(lower)alkylaminocarbonyl group, an aralkyloxycarbo- 
nyl(lower)alkylaminocarbonyl group, an aralkylaminocarbonyl group, diaralkylaminocarbonyl group or a heter- 
oaryl(lower)alkylaminocarbonyl group (wherein a heteroary! group of the said heteroaryl(lower)alkylaminocarbonyl 
group contains one to three hetero atoms selected from the group consisting of an oxygen atom, a nitrogen atom and 
a sulfur atom, and when it contains at least one nitrogen atom, it may form a quaternary salt with a lower alky I group or 
a lower alkenyl group), X is an oxygen atom, a sulfur atom or CH, Y is CH or a nitrogen atom, A is a group of the formula: 




R : 
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(CH:)./ 



z 



or 




70 wherein each of m and n is from 1 to 3, m+n is from 3 to 5, p is from 1 to 3, each of r, s and t which may be the same 
or different, is from 0 to 3, r+s+t is from 2 to 3, and Z is a group of the formula: 



20 wherein R 3 is a C5.15 saturated or unsaturated aliphatic hydrocarbon group, R 4 is a lower alkyl group or a lower alkenyl 
group, and Q* is an anion, a pharmaceutical^ acceptable salt thereof, a pharmaceutical^ acceptable anion-exchange 
product thereof or a hydrate thereof. 

[0008] The compounds of the above formula [1] provided by the present invention have chemoWne receptor antago- 
nism, and thus they are highly useful for prevention or treatment of e.g. acute or chronic inflammatory diseases such as 
25 septicemia, pneumonia, arthritis or allergic diseases, acquired immune deficiency syndrome, cancer, ischemic reflow 
disorder, arteriosclerosis, rejection symptoms after organ transplantation operation. 

[0009] <eNow, terms used in the present specification will be described, and the present invention will be explained in 
further detail. 

[0010] ,-The term "a halogen atom" includes a fluorine atom, a chlorine atom, a bromine atom and an iodine atom. 
30 [001 1] ?The term "a lower alkyl group" means a C-|. 6 linear or branched alkyl group such as a methyl group, an ethyl 
group, a propyl group, an isopropyl group, a butyl group, a sec-butyl group, an isobutyl group, a t-butyl group, a pentyl 
group, an isopentyl group, a hexyl group or an isohexyl group. 

[0012] The term "a hydroxy lower alkyl group" means a C-j. 6 linear or branched hydroxyafkyl group such as a 
hydroxymethyl group, a 1 -hydroxyethyl group, a 2-hydroxyethyl group, a 1 -hydroxypropyl group, a 2-hydroxypropyl 
35 group, a 3 -hydroxypropyl group, a 1 -hydroxybutyl group, a 2-hydroxybutyl group, a 1-hydroxypentyl group, a 2-hydrox- 
ypentyl group, a 1-hydroxyhexyl group, a 2-hydroxyhexyl group or a 1-hydroxyhexyl group. 

[0013] "A lower alkoxy group" means a Ct. 6 linear or branched alkoxy group such as a methoxy group, an ethoxy 
group, a propoxy group, an isopropoxy group, a butoxy group, a sec-butoxy group, a t-butoxy group, a pentyloxy group, 
an isopentyloxy group, a hexyloxy group or an isohexyloxy group. 
40 [001 4] "A lower alkoxycarbonyl group" means a C 2 -7 linear or branched lower alkoxycarbonyl group such as a meth- 
oxycarbonyi group, an ethoxycarbonyl group, a propoxycarbonyl group, an isopropoxycarbonyl group, a butoxycarbonyl 
group, a sec-butoxycarbonyl group, a t-butoxycarbonyl group, a pentyloxycarbonyl group, an isopentyl oxycarbonyl 
group, a hexyloxycarbonyl group or an isohexyloxycarbony! group. 

[0015] "An aralkyloxycarbonyl group" means a C 7 „ 12 aralkyloxycarbonyl group such as a benzyloxycarbonyl group, a 
45 phenethyloxycarbonyl group, a phenylpropyloxycarbonyl group or a naphthyloxycarbonyl group. 

[001 6] "A lower alkylaminocarbonyl group" means an alkylaminocarbonyl group having a C^ 6 linear or branched alkyl 
group, such as a methylaminocarbonyl group, an ethylaminocarbonyl group, a propylaminocarbonyl group, an isopro- 
pylaminocarbonyl group, a butylaminocarbonyl group, a sec-butylaminocarbonyl group, an isobutylaminocarbonyl 
group, a t-butylaminocarbonyl group, a pentylaminocarbonyl group, an isopentylaminocarbonyl group, a hexylaminoc- 
50 arbonyl group or an isohexylaminocarbonyl group. 

[001 7] "A di-lower alkylaminocarbonyl group" means a dialkylaminocarbony! group having two C 1 . 6 linea r or branched 
alkyl groups on N, such as a dimethylaminocarbonyl group, an ethylmethylaminocarbonyl group, a diethylaminocarbo- 
nyl group, a dipropylaminocarbonyl group, a methylpropylaminocarbonyl group, a diisopropylaminocarbonyl group, a 
dibutylaminocarbonyl group, adi-sec-butylaminocarbonyi group, a di isobutylaminocarbonyl group, a methyl (t-butyl) ami - 
55 nocarbonyl group, a methylpentyiaminocarbonyl group, an isopentylmethylaminocarbonyl group, a h exy I m ethylaminoc- 
arbonyl group or an isohexylmethyiaminocarbonyl group. 

[0018]. "A lower alkoxycarbonyl (lower) alkylaminocarbonyl group" may, for example, be a (methoxy carbony I me- 
thylaminocarbonyl group, an (ethoxycarbonylmethyl)aminocarbonyl group, a (propoxycarbonyl methyl) a minocarbony I 
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group, an (isopropoxycarbonylmethyl)aminocarbonyl group, a (butoxycarbonylmethyl)aminocarbonyl group, a (sec- 
butoxycarbonylrnethyl)aminocarbonyl group, a (t butoxycarbonylmethyi)arninocarbonyl group, a (pentyloxycarbonylme- 
thyl)aminocarbonyl group, an (isopentyloxycarbonylmelhyl)arninocarbonyl group, a (hexyfoxycarbonylmethyl)aminocar- 
bonyl group, an (isohexyloxycarbonylmethyl)aminocarbonyl group, a (methoxyearbonylethyl)aminocarbonyl group, an 
(ethoxycarbonylethyl)arninocarbonyl group, an (ethoxycarbonylpropyl)aminocarbonyl group or an (ethoxycarbony!- 
butyi)aminocarbonyl group. 

[0019] "A lower aralkyloxycarbonyl(lower)alkyIaminocarbonyl group" may, for example, be a (benzyloxycarbonylme- 
thyl)aminocarbonyl group, a (phenethyloxycarbonylmethyl)amjnocarbonyl group or a (phenylpropyloxycarbonylme- 
thyl)aminocarbonyl group. 

[0020] "An aralkylaminocarbonyl group" may, for example, be a benzylaminocarbonyl group, a phenethyiaminocarb- 
onyl group or a phenylpropylaminocarbonyl group. 

[0021 ] "A diaralkylaminocarbonyl group" may, for example, be a dibenzylaminocarbonyl group, a benzylphenethylami- 
nocarbbnyl group or a benzylphenylpropylaminocarbonyl group. 

[0022] "A heteroaryl(lower)aikylaminocarbonyl group" means a heteroaryl(lower)alky!aminocarbonyl group having 
heteroaryl containing one to three hetero atoms selected from the group consisting of an oxygen. atom, a nitrogen atom 
and a sulfur atom, such as a 2-pyridylmethylaminocarbonyl group, a 3-pyrrdy(methylaminocarbonyi group, a 4-pyridyl- 
methylaminocarbonyl group, a 2-thiazolylmethylaminocarbonyl group, a 2-thlenyImethytaminocarbonyl group, a 3- 
thienylmethylaminocarbonyl group, a 1-imidazolylmethylaminocarbonyl group, a 2-imidazolylmethylaminocarbonyl 
group, a 4-imidazolylmethylaminocarbonyl group, a 3-pyrazolylmethylaminocarbonyl group, a 4-pyrazolytmethylamino- 
carbonyl group, a 2-furylmethylaminocarbonyl group, a 3-furylmethylaminocarbonyl group, a 2-pyrrolylmethylaminocar- 
bonyl group, a 3-pyrrolylmethylamlnocarbonyl group, a 2-pyrimidinylmethylaminocarbonyl group, a 4- 
pyrimidinylmethylaminocarbonyl group, a 5-pyrimidinylmethylaminocarbonyl group, a 2-pyrazinylmethyIaminocarbonyl 
group, a 3-pyridazinylmethylaminocarbonyl group, a 4-pyridazinylmethylaminocarbonyl group, a 2-quinolinylrnethylami- 
nocarbonyl group, a 2-benzothienylmethylaminocarbonyl group, a 2-indolylmethylaminocarbonyl group, a 2-pyri- 
dylethylaminocarbonyl group, a 3-pyridylethylaminocarbonyl group, a 4-pyridylethylaminocarbonyI group, a 2- 
thiazolylethylaminocarbonyl group, a 2-thienylethylaminocarbonyl group, a 3-thienylethylaminocarbonyl group, a 1-imi- 
dazolylethylaminocarbonyl group, a 2-imidazolylethylaminocarbonyl group, a 4-imidazolylethylaminocarbonyl group, a 
3-pyrazolylethylaminocarbonyi group, a 4-pyrazolylethylaminocarbonyl group, a 2-furylethyIaminocarbonyl group, a 3- 
furylethylaminocarbonyl group, a 2-pyrrolylethylaminocarbonyl group, a 3-pyrrolylethylaminocarbonyl group, a 2-pyri- 
midinylethylaminocarbonyl group, a 4-pyrimidinylethylaminocarbonyl group, a 5-pyrimidinylethylaminocarbonyl group, a 
2-pyrazinylethylaminocarbonyl group, a 3-pyridazinylethylaminocarbonyl group, a 4-pyridazinylethylaminocarbonyl 
group, a 2-quinolinylethylaminocarbonyl group, a 2-benzothienylethyiaminocarbonyl group, a 2-indolylethylaminocarb- 
onyl group, a 2-pyridylpropylaminocarbonyl group, a 2-pyridylbutylaminocarbonyl group or a 2-pyridylpentylaminocarb- 
onyl group. 

[0023] The term "a lower alkenyl group" means a C 2 . 6 linear or branched alkenyl group such as an ethenyl group, a 
propeny! group, an isopropenyl group, a 1 -methyl-1 -propenyl group, a 1-ethyl-1 -propenyl group, a 1 -methyl-2-propenyl 
group, a 1-butenyl group, a 2-butenyl group, a 3-butenyl group, a 1 -methyl-2-butenyl group, a 1-methyl-3-butenyl group, 
a 1-pentenyl group, a 2-pentenyl group, a 3-pentenyl group, a 4-pentenyl group, a 1-hexenyl group, a 2-hexenyl group, 
a 3-hexenyl group, a 4-hexenyl group or a 5-hexenyl group. 

[0024] The term "a lower alkynyl group" means a C 2 . 6 linear or branched alkenyl group such as an ethynyl group, a 
1-propynyl group, a 2-propynyf group, a 1-butynyl group, a 2-butynyl group, a 3-butynyl group, a 3-methyM-butynyl 
group, a 1-pentynyl group or a 1-hexynyl group. 

[0025] "A lower alkoxy group" means a C-|. 6 linear or branched alkoxy group such as a methoxy group, an ethoxy 
group, a propoxy group, an isopropoxy group, a butoxy group, a sec-butoxy group, a t-butoxy group, a pentyloxy group, 
an isopentyioxy group, a hexyloxy group or an isohexyloxy group. 

[0026] "A 5 saturated or unsaturated aliphatic hydrocarbon group" includes a 5 alkyl group, alkenyl group and 
alkynyl group, a cycloalkylaikyl group and a cycloalkylalkenyl group, which may have a hydrogen atom in the cycloalkyl 
ring substituted by lower alkyl, a bicycloalkylalkyl group and a bicycloalkylaikenyl group, which may have a hydrogen 
atom in the bicycioalkyi ring substituted by lower alkyl, a cycloalkenylalkyl group and a cycloalkenylalkenyl group, which 
may have a hydrogen atom in the cycloalkenyl ring substituted by lower alkyl, a bicycloalkenylalkyi group and a bicy- 
cloalkenylalkenyl group, which may have a hydrogen atom substituted by lower alkyl in the bicycloalkenyl ring, a 
cycioaikylalkynyl group and a cycloalkenylalkynyl group. 

[0027] Specific examples of such an aliphatic hydrocarbon group include an alkyl group such as a 1-rnethylbutyl 
group, a 2-methylbutyl group, a 3-methylbutyl group, a pentyl group, a neopentyl group, a tert-pentyi group, a 1-methyl- 
pentyl group, a 2-methylpentyl group, a 3-methylpentyl group, a 4-methylpentyl group, a hexy! group, a 1-m ethylhexyl 
group, a 2-methylhexy! group, a 3-methylhexyl group, a 4-methylhexyl group, a 5-methylhexyl group, a 2,4 -dimethyl- 
penty! group, a 2-ethylhexyl group, a 4,5-dimethylhexyl group, a 4,4-dimethylpentyl group, a heptyl group, a 4-methyl- 
heptyl group, an octyl group, a nonyl group, a decyl group, an undecyl group, a dodecyl group, a tridecyl group, a 
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tetradecyl group or a perrtadecy! group; 

an alkenyl group such as a 3-methyl-2-butenyl group, a 2-perrtenyl group, a 3-pentenyl group, a 4-pentenyl group, a 3- 
methyl -2 -pentenyl group, a 3-methyl-3-pentenyl group, a 4-methyl-2 -pentenyl group, a 4-methy1-3-pentenyl group, a 4- 
methyl -4-pentenyl group, a 2-hexenyl'group, a 3-hexenyl group, a 4-hexenyl group, a 4-methyf-2-hexeny1 group, a 4- 

5 methyl -3-hexenyl group, a 4-methyl-4-hexenyl group, a 5-methyi-2-hexenyl group, a 5-methyl-3-hexenyl group, a 5- 
methyl -4-hexenyl group, a 5-methyl-2«heptenyl group, a 5-methyl-3-heptenyl group, a 5-methyl-4-heptenyl group, a 5- 
methyl-5-heptenyl group, a 3,4-dimethyl-2-pentenyl group, a 3,5-dimethyl-2-hexenyl group, a 4,5-dimethy!-2-hexenyi 
group, a 4,5-dimethyl-3-hexenyl group, a 4,5-dimethyl-4-hexenyl group, an octenyl group, a nonenyl group, a decenyl 
group, an undecenyl group, a dodecenyl group, a tridecenyl group, a tetradecenyl group or a pentadecenyl group; 

w an alkynyl group such as a 2-pentynyl group, a 3-pentynyl group, a 4-pentynyl group, a 4-methyl-2-pentynyl group, an 
octynyl group, a nonynyl group, a decynyl group, an undecynyl group, a dodecynyl group, a tridecynyl group, a tetrade- 
cynyl group or a pentadecynyl group; 

a cycloalkylalkyi group which may have a hydrogen atom in the cycloalkyl ring substituted by lower aikyl, such as a 
cyclopropylethyl group, a cyclopropylpropyl group, a cyclpropylbutyl group, a cyclopropylpentyl group, a cyclopropyl- 

15 hexyl group, a cyclopropylheptyl group, a cyclobutylmethyl group, a cyclobutylethyl group, a cyclobutylpropyl group, a 
cyclobutylbutyl group, a cyclobutylpentyl group, a cyclopentylmethyl group, a cyclopentylethyl group, a cyclopentylpro- 
pyl group, a cyclopentylbutyl group, a cyclohexylmethyl group, a cyclohexylethyl group, a cyclohexylpropyl group, a 
cyclohexylbutyl group, a cycloheptylmethyl group, a cycloheptyl ethyl group, a cycloheptylpropyl group, a cycloheptyl- 
butyl group, a cyclooctylmethyl group, a cyclooctylethyl group, a cyclooctylpropyl group, a cyclooctylbutyl group, a 

20 cyclononylmethyl group, a cyclononylethyl group, a cyclononylpropyl group, a cyclononylbutyl group, a cyclodecylme- 
thyl group, a cyclodecyl ethyl group, a cyclodecylpropyl group, a cyclodecylbutyl group, a cycloundecylmethyl group, a 
cycloundecylethyl group, a cyclbundecylpropyl group, a cyclodecylbutyl group, a 1 -methylcyclopentylm ethyl group, a 2- 
methylcyclopentylmethyl group, a 3 -methylcyclopentylm ethyl group, a 1 -ethylcyclopentylmethyl group, a 2-ethylcy- 
clopentylmethyl group, a 3 -ethyl cyclopentylmethyl group, a 2-cycloperrtylethyl group, a 2-(1-methylcycIopentyl)ethyl 

25 group, a 2-(2-methylcyclopentyl)ethyl group, a 2-(3-methylcyclopentyl)ethyl group, a 2-(1 -ethylcyclopentyl)ethyI group, 
a 2-(2-ethylcyclopentyl)ethyl group, a 2-(3-ethylcyclopentyl) ethyl group, a 1 -methylcyclohexylmethyl group, a 2-methyl- 
cyclohexylmejhyl group, a 3 -methylcyclohexylmethyl group, a 4-methylcyclohexylmethyl group, a 1-ethylcyclohexyl me- 
thyl group, a*2-ethylcyclohexylmethyl group, a 3-ethylcyclohexylmethyl group, a 4- ethylcyclohexyl methyl group, a 
cyclohexylethyl group, a 2-(1 -methylcyciohexyl)ethyl group, a 2-(2-methylcyclohexyl)ethy1 group, a 2 -(3 -methyl cy- 

30 clohexyl)ethyU group, a 2-(4-methylcyclohexyl)ethyl group, a 2-(1-ethylcyclohexyf)ethyl group, a 2-(2-ethylcy- 
clohexyl)ethyU group, a 2-(3-ethylcyclohexyl)ethyl group, a 2-(4-ethylcyciohexyl)ethyl group, a 1- 
methy I cycloheptylmethyl group, a 2-methylcycloheptylmethyl group, a 3-methylcycloheptylmethyl group, a 4-methylcy- 
cloheptylmethyl group, a 1-ethylcycloheptylmethyl group, a 2-ethylcycloheptylmethyl group, a 3-ethylcycloheptylmethyl 
group, a 4-ethylcycloheptylmethyl group, a 2-cycloheptyiethyi group, a 2-(1 -methylcycloheptyl)ethyl group, a2-(1-meth- 

35 y!cycloheptyl)ethyI group, a 2-(2-methyfcycloheptyl)ethyl group, a 2-(3-methylcycloheptyl)ethyl group, a 2-(4-methylcy- 
cloheptyl) ethyl group, a 2-(1-ethylcyc!oheptyl)ethyl group, a 2-(2-ethylcycloheptyl)ethyl group, a 2-(3- 
ethylcycloheptyl)ethyl group, a 2«(4-ethylcycloheptyl)ethyl group, a 1 -methylcyclooctylmethyl group, a 2-rnethylcyclooc- 
tylmethyl group, a 3-methylcyclooctylmethyl group, a 4-methylcyclooctylmethyl group, a 5-methylcyc!ooctyl methyl 
group, a 1-ethylcyclooctylmethyl group, a 2-ethylcyclooctylmethyl group, a 3-ethylcyclooctylmethyl group, a 4-ethylcy- 

40 ■ clooctylmethyl group, a 5-ethylcyclooctylmethyl group, a 2-(1-methylcyclooctyl)ethyl group, a 2-(2-methylcycldoc- 
tyl)ethyl group, a 2-(3-methylcyclooctyl)ethyl group, a 2-(4-methylcyclooctyl)ethyl group, a 2-(5-methylcyclooctyl)ethy! 
group, a 2-{1-ethylcyclooctyl) ethyl group, a 2-(2-ethylcyclooctyl)ethyl group, a 2-(3-ethylcyclooctyl)ethyl group, a 2-(4- 
ethylcyclooctyl)ethyl group or a 2-(5-ethylcyclooctyl) ethyl group; 

a cycloalkylalkenyl group such as cyclopropylpropenyl, a cyclopropylbutenyl group, a cyclopropylpentenyl group, a 
45 cyclopropylhexenyl group, a cyclopropylheptenyl group, a cyclobutylpropenyl group, a cyclobutylbutenyl group, a 
cyclobutylpentenyl group, a cyclopentylpropenyl group, a cyclopentylbutenyl group, a cyclopentylpentenyl group, a 
cyclohexylpropenyl group, a cyclohexylbutenyl group, a cyclohexylpentenyl group, a cycloheptylpropenyl group or a 
cyclooctylpropenyl group; 

a bicycloalkylalkyl group which may have a hydrogen atom in the bicycloalkyl ring substituted by lower alKyl, such as a 
so bicyclo[4.1.0]hept-1-ylmethyl group, a bicyclo[4.1.0]hept-2-ylmethyl group, a bicyclo[4.1 .0]hept-3-ylmethyl group, a 
bicyclo[4.1.0]hept-7-ylmethyl group, a bicyclo[3. 3. 0]oct-1-yl methyl group, a bicyclot3.3.0]oct-2-ylmethyl group, a bicy- 
clo[3.3.0]oct-3-yImethyl group, a bicycio[4.1.0]hept-1-ylethyl group, a bicyclo[4.1.0]hept-2-ylethyl group, a bicy- 
clo[4.1.0]hept-3-ylethyl group, a bicyclo[4.1.0]hept-7-ylethyl group, a bicyclo[3.3.0]oct-1-ylethyl group, a 
bicyclo[3.3.0]oct-2-ylethyl group, a bicyclo[3.3.0]oct-3-ylethyl group, a bicyclo[3. 2. 1]oct-1-yl methyl group, a bicy- 
55 clo[3.2.1]oct-2-ylmethyl group, a bicycl o[3. 2. 1]oct-3-yl methyl group, a bicyclo[3.2.1]oct-8-ylmethyl group, a bicy- 
clo[4.4.0]dec-1 -ylmethyl group, a bicyclo[4.4.0]dec-2-ylmethyl group, a bicyclo[4.4.0]dec-3-yl methyl group, a 
bicyclo[4.3.0]non-1-ylmethyl group, a bicyclo[4.3.0]non-2-ylmethyl group, a bicyclo[4.3.0]non-3-ylmeth"yl group, a bicy- 
clo[4.3.0]non-7- ylmethyl group, a bicyclo[3.3.1]non-1 -ylmethyl group, a bicyclo[3.3.1]non-2-ylmethyl group, a bicy- 
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clo[3.3.1]non-3-ylmi.h/l group, a bicydo[3.3.1]non«9-ylmethyl group, a bicyclo[3.1.0]hex-1-ylmethyi group, a 
bicyclo[3. 1 .0]hex-2-y,, nethyl group, a bicyclo[3. 1 ,0]hex-3-yl methyl group or a bicydo[3. 1 .0Jhex-6-yimethyl group; a bicy- 
cloalkylalkenyl group which may have a hydros .; n the bicydoalkyl ring substituted by lower alkyl. such as a bicy- 
clo[4.1.0)hept-1-ylethenyl group, a btayc' iethenvl croup, a bicyclo[4.1.0]hept-3-ylethenyl group or a 

bicyclo[4. 1 ,0]hept-7-ylethenyl group; 

a cycloalkylaikynyl group such as cyclopropy (propyl ;propylbutynyl group, a cyclopropyfpentynyl group, a 

cyclopropylhexynyl group, a cyclopropylheptynyl grou. .clobutylpropynyl group, a cyclobutylbutynyl group, a 
cyclobutylpentynyl group, a cyclopentylpropynyl group, a cyciopentylbutynyl group, a cyclopentylpentynyl group, a 
cyclohexyipropynyl group, a cyclohexylbutynyl group or a cyclohexylpentynyl group; 

a cycloalkenylalkyl group which may have a hydrogen atom in the cycloaJkenyl ring substituted by lower alkyl, such as 
a (l-cyclopropenyl)ethyl group, a (2-cyclopropenyl)ethyl group, a (l-cyclopropenyl)propyl group, a (2-cycloprope- 
nyl)propyi group, a (l-cyciopropenyl)butyl group, a (2-cyclopropenyl)butyl group, a (l-cyclopropenyl)pentyl group, a (2- 
cyclopropenyl)pentyl group, a (l-cyclopropenyl)hexyl group, a (2-cyclopropenyl)hexyl group, a (l-cyclopropenyl)heptyl 
group, a (2-cyclopropenyl)heptyl group, a (l-cyclobutenyl)methyl group, a (2-cyclobutenyl)methyl group, a (1-cyclobute- 
nyl)ethyl group, a (2-cyclobutenyl)ethyl group, a (l-cyclobutenyl)propyl group, a (2-cyclobutenyl)propyl group, a (1- 
cyclopentenyl)methyl group, a (2-cyclopentenyl)methyl group, a (3-cyclopentenyl)methyl group, a (1-cyclohexe- 
nyQmethyl group, a (2-cyclohexenyl)methyl group, a (3-cyclohexenyl)methyl group, a (l-cyclohexenyl)ethyl group, a (2- 
cyclohexenyl)ethyl group, a (3-cyclohexenyl)ethyl group, a (l-cycloheptenyl)methyl group, a (2-cycloheptenyl) methyl 
group, a (4-cycioheptenyl)methyl group, a (l-cycloheptenyl)ethyl group, a (2-cycloheptenyl) ethyl group, a (3-cydohep- 
tenyl)ethyl group, a (4-cydoheptenyl)ethyl group, a (1 -cycloocteny I) methyl group, a (2-cydooctenyl) methyl group, a (3- 
cyclooctenyl)methyl group, a (4-cyclooctenyl)methyl group, a (1 -cycfooctenyl) ethyl group, a <2-cyclooctenyf)ethyi group, 
a (4-cyclooctenyl)ethyl group, a (4-cyclooctenyl)ethyl group, a (l-cyclononenyl)methyi group, a (2-cyclononenyl) methyl 
group, a (3-cyclononenyi)methyl group, a (4-cydononeny I) methyl group, a (S-cyclononenyf)methyl group, a (1- 
cyclononenyl)ethyl group, a (2-cyclononenyl) ethyl group, a (3-cyclononenyl) ethyl group, a (4-cyclononenyl)ethyl group, 
a (5-cyclpnonenyl)ethyl group, a (1 -cyclodeceny I) methyl group, a (2-cyclodecenyl)methyl group, a (3-cyclodece- 
nyl)methyl group, a (4-cyclodecenyl)m ethyl group, a (5-cyclodecenyl) methyl group, a (1 -cyclodecenyl) ethyl group, a (2- 
cyclodecehyl)ethyl group, a (3 -cyclodecenyl) ethyl group, a (4-cyclodecenyl)ethyl group, a (5-cyclodecenyl)ethyl group, 
a (l-cycloundecenyl)methyl group, a (2-cycloundecenyl)methyl group, a (3-cycloundecenyl)methyl group, a (4--cycloun- 
decenyl)methyl group, a (5-cycloundecenyl)methyl group, a (6-cydoundecenyl)methyl group, a (1 -cycloundecenyl) ethyl 
group, a (2-cycloundecenyl)ethyl group, a (3-cycloundecenyl)ethyl group, a (4-cydoundecenyl)ethyl group, a (5- 
cycloundecenyl)ethyl group, a (6-cycloundecenyl)ethyI group, a (1-methyl-2-cyclopentenyl)methyl group, a (1-methyl-3- 
cyciopentenyl)methyl group, a (2-methyl-1-cyclopentenyl)methyl group, a (2-methyl-2-cyclopentenyl)methyl group, a (2- 
methyl-3-cyclopentenyl)methyl group, a (5-methyl-2-cyclopentenyl)methyl group, a (5-methyl-1-cyciopentenyl)methyl 
group, a (3-methyl-1-cyclopentenyl)methyl group, a (3-methyl-2-cyclopentenyl)methyl group, a (3-methyl-3-cyclopente- 
nyl)methyl group, a (4-methyl-2-cyclopentenyI)methyl group, a (4-methyl-1-cyclopentenyl)methyl group, a (1-methyl-2- 
cyclohexenyl)methyl group, a (1-methyl-3-cyclohexenyl)methyl group, a (2-methyl-1-cyclohexenyl)methyl group, a (2- 
methyl-2-cyclohexenyl)methyl group, a (2-methyl-3-cyc!ohexenyl)methyl group, a (6-methyl-3-cyclohexenyl) methyl 
group, a (6-methyl-2-cyclohexenyl)methyl group, a (6-methyl-1-cyclohexenyl)methyl group, a (3-methyl-1-cyclohexe- 
nyl)methyl group, a (3-methyl-2-cydohexenyl)methyl group, a (3-methyl-3-cyclohexenyl)methyl group, a (5-rnethy!-3- 
cyclohexenyl)methyl group, a (5-methyl-2-cyclohexenyl)methyl group, a (5-methyl-1-cyclohexenyl)methyl group, a (4- 
methyl-1-cyclohexenyl)methyl group, a (4-methyl-2-cyclohexenyl)methyl group, a (4-methyl-3-cyclohexenyl)methyl 
group, a (1-methyl-2-cycloheptenyl)methyl group, a (1-methyl-3-cycloheptenyl)methyl group, a (1-methyl-4-cydohepte- 
nyi)methyl group, a (2-methyl-1-cycloheptenyl)methyl group, a (2-methyl-2-cydoheptenyl)methyl group, a (2-methyl-3- 
cycioheptenyl)methyl group, a (2-methyl-4-cycloheptenyl)methyl group, a (7-methyI-3-cycloheptenyl)methyl group, a (7- 
methyl-2-cycloheptenyl)methyl group, a (7-methyl-1-cycloheptenyl)methyl group, a (3-methyl-l-cycloheptenyl)methyl 
group, a (3-methyl-2-cycloheptenyl)methyl group, a (3-methyl-3-cydoheptenyl)methyl group, a (3-methyl-4-cyclohepte- 
nyl)methyl group, a (6-methyl-3-cycloheptenyI)methyl group, a (6-methyl-2-cyclohepteny!)methyl group, a (6-methyl-1- 
cycloheptenyl)methyl group, a (4-m ethyl- 1 -cycloheptenyl) methyl group, a (4-methyl-2-cycloheptenyl)methyl group, a (4- 
methyl-3-cycioheptenyl)methyl group, a (4-methyh4-cycloheptenyl)methyl group, a (5-m ethyl -3 -cycloheptenyl) methyl 
group, a (5- methyl -2 -cycloheptenyl) methyl group, a. (5-m ethyl- 1 -cycloheptenyl) methyl group, a (1-methyl-2-cycloocte- 
nyl)methyl group, a (1-m ethyl -3-cycloocteny I) methyl group, a (1-methyI-4-cyclooctenyl)methyl group, a (2-methyl-1- 
cyclooctenyl)methyl group, a (2-methyl-2-cyclooctenyl)methyl group, a (2-methyl-3-cyclooctenyl)methyl group, a (2- 
methyl-4-cyclooctenyl)methyl group, a (8-methyl-4-cyclooctenyl)methyl group, a (8-methyI-3-cyclooctenyl) methyl group, 
a (8-methyl-2-cyclooctenyl)methyl group, a (8-methyM-cyclooctenyl)methyl group, a (3 -methy 1-1 -cycloocteny I) methyl 
group, a (3-methyl-2-cyclooctenyl)methyl group,- a (3-methyl-3-cyciooctenyl)methyl group, a (3-methyl-4-cycloode- 
nyl)methyl group, a (7-methyl-4-cyclooctenyl)methyl group, a (7-methyI-3-cyclooctenyl)methyl group, a (7-methyl-2- 
cyclooctenyl)methyl group, a (7-m ethyl -1 -cycloocteny I) methy I group, a (4- methy 1-1 -cycloocteny!) methyl group, a (4- 
methyl-2-cyclooctenyl)methyl group, a (4-methyl-3-cyclooctenyl)methyl group, a (4-methyl-4-cyclooctenyl)methiyl group, 
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a (6-methyl-4-cyclooctenyl)methyl group, a (6-m ethyl -2 -cycloocteny I) methyl group, a (6-methy I-2 -cycloocteny I) methyl 
group, a (6-methyl-1-cyclooctenyl)methyl group, a (5-methyl-1-cycIooctenyl)methyl group, a (5-methyl-2-cycloocte- 
nyl)methyl group, a (5-methyl-3-cyclooctenyl)methyl group or a (5«methyl-4-cyclooctenyl)methyl group; 
a bicycloalkenylalkyl group which may have a hydrogen atom in the bicycloalkenyl ring substituted by lower alkyl. such 
as a bicyclo[4.1.0]hept-2-en-1-ylmethyl group, a bicycio[4.1.0]hept-3-en-1-ylmethyl group, a bicyclo[4.1.0]hept-4-en-1- 
ylmethyl group, a bicyclo[4.1.0]hept-3-en-2-ylmethyl group, a bicydo[4.1.0]hept-4-en-2-ylmethyl group, a bicy- 
clo[4.1.0]hept-2-en-3-yimethyl group, a bicyclo[4.1.0]hept-3-en-3-ylmethyl group, a bicyclo[4.1.0]hept-4-en-3-ylmethyl 
group, a bicyclo[4.1.0]hept-2-en-7-ylmethyl group, a bicyclo[3.3.0]oct-2-en-2-ylmethyl group, a bicycio[3.3.0joct-2-en-3- 
ylmethyl group, a bicyclo[4.1.0]hept-2-en-1-ylethyl group, a bicyclo[4.1.0]hept-2-en-1-ylethyl group, a bicy- 
clo[4.1.0]hept-2-en-2-ylethyl group, a bicyclo[4.1.0]hept-2-en-3-ylethyl group a bicyclo[4.1.0]hept-2-en-4-ylethyi group, 
a bicyclo[4.1.0]hept-2-en-7-ylethyl group, a bicyclo[3.3.0Joct-2-en-1-ylethyl group, a bicyclo[3.3.0]oct-2-en-2-ylethyl 
group or a bicyclo[3.3.0]oct-2-en-3-ylethyi group; 

a bicycloalkenylalkenyl group which may have a hydrogen atom in the bicycloalkenyl ring substituted by lower alkyl, 
such as a bicyc!o[4.1.0]hept-2-en-1-ylethenyi group, a bicyclo[4.1.0]hept-3-en-1-ylethenyl group, a bicyclo[4.1.0]hept- 
4-en-1 -ylethenyl group, a bicyclo[4.1 .0]hept-3-en-2-ylethenyl group, a bicyclo[4.1.0]hept-4-en-2-ylethenyl group, a bicy- 
clo[4.1.0]hept-2-en-3-ylethenyl group, a bicyclo[4.1.0]hept-3-en-3-ylethenyl group, a bicyclo[4.l.0]hept-4-en-3-ylethe- 
nyl group, a bicyclo[4.1.0]hept-2-en-7-ylethenyl group, a bicyclo[3.3.0]oct-2-en-2-ylethenyl group or a bicyclo[3.3.0]oct- 
2-en-3-ylethenyl group; 

a cycioalkenylalkenyl group such as a cyclopropenylpropenyl group, a cyclopropenylbutenyl group, a cyclobutenylbute- 
nyl group, a cyclopentenylpropenyl group, a cyclopentenylbutenyl group, a cyciopropenylpentenyl group, a cycloprope- 
nylhexenyl group, a cyclopropenylheptenyl group, a cyclobutenylpropenyl group, a cyclohexenylpropenyl group or a 
cyclohexenylbutenyl group; 

and a cycloalkenylalkynyl group such as a cyclopropenylpropynyl group, a cyclopropenylbutynyl group, a cycloprope- 
nylpentynyl group, a cyclopropenylhexynyl group, a cyclopropenylheptynyl group, a cyclobutenylpropynyl group, a 
cyclobutenylbutynyl group, a cyclopentenylpropynyl group, a cyclopentenylbutynyl group, a cyclohexenylpropynyl group 
or a cyclohexenylbutynyl group. 
[0028] A group of the formula 



wherein m, n, p, r, s, t and Z are the same as defined above, means a monocyclic heterocyclic group having a nitrogen 
atom or a bicyclic heterocyclic group having a skeleton represented by the formulae: 




(CH S )„ 




or 
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20 



25 




30 wherein Z is the same as defined above. More specifically, it may, for example, be a pyrrolidine group, a piperidinyl 
group, a hexahydroazepinyl group, a 1-azabicyclo[2.2.1]heptyl group or a 1-azabicyclo[3.2.1]octyl group or its quater- 
nary amine salt. 

[0029] "An anion" includes a halogen atom ion such as a chloride ion, a bromide ion and an iodide ion, an organic 
sulfonate ion such as tosylate and mesylate, an inorganic anion such as a nitrate ion, a sulfate ion, a phosphate ion and 
as a carbonate ion, a carboxylate such as an acetate, a triflate, a propionate, an oxalate and a malonate. and an anion of 
an amino acid such as glutamic acid. "A phosgene" means not only a so-called phosgene but also a diphosgene and a 
triphosgene. 

[0030] Now, the meaning of the symbols used in the general formula [I] and its specific and preferred examples will 
be described, and further, the present invention will be explained hereinafter. 

40 [0031] Each of R 1 and R 2 which may be the same or different, is a hydrogen atom, a halogen atom, a lower alkyl 
group, a lower alkenyl group, a lower alkynyl group, a hydroxy lower alkyl group, a lower alkoxy group, a lower alkoxy- 
carbonyl group, an aralkyloxycarbonyl group, a formyl group, a carbamoyl group, a lower alkylaminocarbonyl group a 
di-lower alkylaminocarbonyl group, a lower alkoxycarbonyl(lower)alkylaminocarbonyl group, an aralkyloxycarbo- 
nyl(iower)alkyiaminocarbonyl group, an aralkylaminocarbonyl group, a diaralkylaminocarbonyl group or a heter- 

45 oaryl(lower)aikylaminocarbonyl group (wherein a heteroaryl group of the said heteroaryi(Iower)alkylaminocarbonyl 
group contains 1 to 3 hetero atoms selected from the group consisting of an oxygen atom, a nitrogen atom anci a sulfur 
atom, and when it contains at least one nitrogen atom, it may form a quaternary salt with a lower alkyl group or a lower 
alkenyl group). Definition and specific examples of each substituent are the same as defined above. 
[0032] X means an oxygen atom, a sulfur atom or CH. Among these, an oxygen atom and a sulfur atom are preferred 

so [0033] Y is CH or a nitrogen atom. Among these, CH is preferred. 
[0034] A is a group represented by the formula: 



55 
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(CH:) mN 
(CH : ) ft / 



(^(CH : ) P 



(CH 2 ), 



or 




(CH.O, 



jo wherein each of m and n is from 1 to 3, m+n is from 3 to 5, p is from 1 to 3, each of r, s and t which may be the same 
or different, is from 0 to 3, r+s+t is from 2 to 3, and Z is a group represented by the formula: 

;n-r> or N ^ . Q - 



20 wherein R 3 is a C 5 . 15 saturated or unsaturated aliphatic hydrocarbon group, R 4 is a lower alkyl group or a lower alkenyl 
group, and Q* is an anion. The definition and specific examples of each substituent are described above. 
[0035] As described above, each of m and n is from 1 to 3. Among these, preferred is a case where both m and n is 
2. R is a Cs^ 5 saturated or unsaturated aliphatic hydrocarbon group. Among these, a cyclooctylm ethyl group, a 
cyclononylmethyl group, a 1 -decaly I methyl group, a 2-decaly I methyl group, a (1-cycloocteny I) methyl group and a (1- 

25 cyclononenyl)methyl group are preferred. R 4 is a lower alkyl group or a lower alkenyl group. Among these, a methyl 
group, an ethyl group, a propyl group and an allyl group are preferred. 

[0036] Stereoisomers of the compounds of the present invention, such as an optical isomer, a diastereoisomer or a 
geometrical isomer may exist depending upon the mode of the substitution. The compounds of the present invention 
include such stereoisomers and their mixture. 
30 [0037] Trie-compounds of the present invention may exist in a form of a pharmaceutical^ acceptable salt. Examples 
of such a salt include an inorganic acid salt such as a hydrochloride, a sulfate, a nitrate, a phosphate or a perchlorate; 
an organic carboxyiate such as a maleate, a fumarate, a succinate, a tartrate, a citrate or an ascrobate; an organic sul- 
fonate such as a methanesulfonate, an isethionate, a benzenesulfonate or a p-toluenesulfonate. 
[0038] The compounds of the present invention can be produced by the following synthetic route. 

35 



40 



45 



50 
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5 



to 



f5 




20 

wherein R 1 , R 2 , R 3 , R 4 , X, Y, Q\ m, n, p, r, s and t are the same as defined above, R 5 is the same as R 3 or a protecting 
group, R 6 is a saturated or unsaturated aliphatic hydrocarbon group, L is a leaving group, and CDI is carbonyldi- 
imidazole. 

25 [0039] Now, the Routes 1 to 3 are explained in further detail. 
Route 1 

[0040] The reaction of the compound [II] with the compound [III] or [IV] is a condensation reaction of a carboxylic acid 
30 compound with an amino compound, which is widely known in the field of organic chemistry. It can be carried out by 
using a condensing agent in a suitable solvent. The condensing agent to be used may, for example, be N,N'-dicyclohex- 
ylcarbodiimide, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide, diphenylphosphorylazide or dipyridyldisulfide-triphe- 
nylphosphine. Particularly, 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide is preferred. 

[0041] The amount of such a condensing agent is not strictly limited. However, it is usually from 1 to 5 equivalent 
35 particularly from 1 to 2 equivalent per mol of the compound [III] or [IV]. 

[0042] Further, the condensation reaction can be carried out in the presence of a base, as the case requires. The 
base to be used may, for example, be an aromatic amine such as pyridine, 4-dimethyIaminopyridine, picoline, lutidine, 
quinoline or isoquinoline. Particularly, 4-dimethyiaminopyridine is preferred. 

[0043] The solvent may, for example, be diethyl ether, tetrahydrofuran, N,N-dimethylformamide, dioxane. benzene, 
40 toluene, chlorobenzene. methylene chloride, chloroform, carbon tetrachloride, dichloroethane or trichloroethylene, or a 
mixture of the solvents. Particularly, diethyl ether, tetrahydrofuran, N.N-dimethylformamide and dioxane are preferred. 
[0044] The reaction temperature is usually from -70°C to the boiling point of the solvent to be used, preferably within 
a range of from -20°C to 100°C. The reaction will be finished usually in from 5 minutes to 7 days, preferably from 10 
minutes to 24 hours under such a condition. 
45 [0045] The amount of the compound [III] or [IV] to the compound [II] is not strictly limited, and it can be varied depend- 
ing upon the type of the compound, the reaction condition and the like. However, the amount of the compound [III] or 
[IV] is usually from 1 to 5 mol, preferably from 1 to 2 mol, per mol of the compound [II]. 

[0046] Further, the coupling compound of the formula [Va] or [Vb] can also be obtained by converting the carboxylic 
acid of the formula [II] to a reactive derivative, and condensing it with the compound of the formula [III] or [IV]. 
so [00471 The reactive derivative of carboxylic acid of the formula [II] may, for example, be a mixed acid anhydride, an 
active ester or an active amide, which is commonly used to activate carboxylic groups in an ester-modification or an 
amide-modification reaction in the field of organic synthetic chemistry. 

[0048] The mixed acid anhydride of carboxylic acid of the formula [II] can be obtained by reacting carboxylic acid of 
the formula [II] with an alkyl chlorocarbonate such as an ethyl chlorocarbonate; or an aliphatic carboxylic acid chloride 
55 such as acetyl chloride or pivaloyl chloride in accordance with a conventional method. The active ester can be obtained, 
in accordance with a conventional method, by reacting carboxylic acid of the formula [II] with an N-hydroxy compound 
such as N-hydroxysuccinimide, N-hydroxyphthalimide or 1-hydroxybenzotriazole; or a phenol compound such as 4- 
nitrophenol, 2,4-dinitrophenol, 2,4,5-trichlorophenol or pentachlorophenol, in the presence of a condensing agent such 
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as N.N'-dicyclohexylcarbodiimide, 1-ethyl-3-(3<Jimethylaminopropyl)carbodiimide, diphenylphosphorylazide or dipyri- 
dyldisulfide-triphenylphosphine. The active amide can be obtained, in accordance with a conventional method, by 
reacting carboxylic acid of the formula [II] with e.g. 1 , 1 , -carbonyldiimidazo!e or 1 , 1 '-carbonylbis(2-methylimidazole). 
[0049] The condensing reaction of the reactive derivative of carboxylic acid of the formula [II] with the compound of 
5 the formula [III] or [IV] is carried out preferably in an inert solvent. The inert organic solvent may, for example, be diethyl 
ether, tetrahydrofuran, N.N-dimethylformamide, dioxane, benzene, toluene, chlorobenzene. methylene chloride, chloro- 
form, carbon tetrachloride, dichloroethane or trichloroethylene, or a mixture of the solvents. Particularly, diethyl ether, 
tetrahydrofuran, N.N-dimethylformamide and dioxane are preferred. 

[0050] The reaction temperature is usually from -70°C to the boiling point of the solvent to be used, preferably within ' 

10 a range of from -20°C to 1 00°C. 

[0051 ] The amount of the compound of the formula [III] or [IV] to the reactive derivative of carboxylic acid of the for- 
mula [II] is not strictly limited, and it can be varied depending upon the type of the reactive derivative. However, the 
amount of the compound of the formula [III] or [IV] is usually from 1 to 5 mol, preferably from 1 to 2 mol per mol of the 
reactive derivative of carboxylic acid of the formula [IQ. 

75 [0052] In the case where R 5 is a protecting group, the protecting group may, for example, be an aralkyl group such as 
a benzyl group, a p-methoxybenzyl group, a p-nitrobenzyl group, a benzhydryl group or trityl group; a lower alkanoyl 
group such as a formyl group, an acetyl group or a propionyl group; an arylalkanoyl group such as a phenyiacetyl group 
or a phenoxyacetyl group; a lower alkoxycarbonyl group such as a methoxycarbonyl group, an ethoxycarbonyl group or 
a t-butoxycarbonyl group; an alkenyloxycarbonyl group such as a 2-propenyloxycarbonyi group; an aralkyloxycarbonyl 

20 group such as a benzyloxycarbony! group or a p-nitrobenzyloxycarbonyl group; or a lower alkylsilyl group such as a tri- 
methylsilyl group or a t-butyldimethylsilyl group. Particularly a t-butoxycarbonyl group and a benzyloxycarbonyl group 
are preferred. 

[0053] When R 5 in the formula [Va] or [Vb] is the same as R 3 , the compound of the present invention can be obtained 
directly by the above condensing reaction. 
25 [0054] When R 5 in the formula [Va] or [Vb] is a protecting group, the protecting group is removed from the compound 
[Va] or [Vb], followed by reacting the compound [VI], or reductive alkylation by using the compound [VII] and a reducing 
agent is conducted, to obtain the compound of the present invention. 

[0055] Removal of the protecting group can be conducted in accordance with a known method, such as a method 
disclosed in Protective Groups in Organic Synthesis, T. W. Greene, John Wiley & Sons (1981) or methods similar 
30 thereto. For example, it can be conducted by solvolysis employing an acid or a base, by chemical reduction employing 
a metal hydride complex or by catalytic reduction employing e.g. palladium-carbon catalyst or Raney nickel catalyst. 
[0056] "A leaving group" represented as L may. for example, be a halogen atom such as a chlorine atom, a bromine 
atom or an iodine atom; an alkylsulfonyioxy group or an arylsulfonyloxy group such as a methanesulfonyloxy group or 
a p-toluenesulfonyloxy group. 

35 [0057] The reaction of the compound obtained by removing a protecting group from the compound of the formula [Va] 
or [Vb] with the compound of the formula [VI] is conducted usually by using almost same mol of them or using them with 
a small excess of one to the other (for example, from 1 to 1.3 mol of the compound of the formula [VI] per mol of the 
compound obtained by removing a protecting group from the compound of the formula [Va] or [Vb]) in a suitable solvent. 
However, as the case requires, it can be conducted by using them with a large excess of one to the other. Further, as 

40 the case requires, a suitable base or reaction promotor can be used. 

[0058] The solvent may, for example, be an ether such as diethyl ether, tetrahydrofuran or dioxane; an aromatic hydro- 
carbon such as benzene, toluene, chlorobenzene or xylene; an aprotic polar solvent such as dimethyl sulfoxide, N,N- 
dimethylformamide or acetonitrile, or mixed solvent of them. 

[0059] The base to be used may, for example, be an alkali metal bicarbonate such as sodium hydrogencarbonate or 
45 potassium hydrogencarbonate; an alkali metal carbonate such as sodium carbonate or potassium carbonate; a tertiary 

aliphatic amine such as trimethylamine, triethylamine, N.N-diisopropylethylamine, N-methylmorphoiine, N-methylpyrro- 

lidine, N-methylpiperidine, N.N-dimethylaniline, 1,8-diazabicycio[5.4.0]undec-7-ene (DBU) or 1 ,5-diazabicy- 

clo[4.3.0]non-5-ene (DBN) ; or an aromatic amine such as pyridine, 4-dimethylaminopyridine, picoline, lutidine, quinoline 

or isoquinoiine. Particularly, N,N-diisopropylethylamine and triethylamine are preferred. 
so [0060] As the reaction promotor to be used in the reaction, an alkali metal iodide such as lithium iodide, sodium iodide 

or potassium iodide, may be mentioned. 

Particularly potassium iodide is preferred. 

[0061] The reaction temperature is usually from about 0°C to the boiling point of the solvent, and the reaction time is 
usually from 10 minutes to 48 hours. However, they may be varied, as the case required. 
55 [0062] The reductive alkylation reaction of the compound obtained by removing a protecting group from the com- 
pound of the formula [Va] or [Vb] with the aldehyde of the formula [VII] is usually conducted in an inert solvent which 
does not deteriorate the reaction. The inert solvent may, for example, be an alcohol such as methanol or ethanol; an 
ether such as diethyl ether, tetrahydrofuran or dioxane; an aromatic hydrocarbon such as benzene or toluene, or a 
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mixed solvent of them. 

Particularly, methanol, ethanol, tetrahydrofuran and toluene are preferred. 

[0063] The reaction temperature is usually from about -30°C to about 200°C, preferably from about 0°C to about 
100°C. The reaction time is usually from 10 minutes to 7 days, preferably from 1 0 minutes to 24 hours. 
[0064] It is preferred to conduct the reductive alkylation reaction under weak acid condition wherein a Schiff base is 
likely to form. The acid used to adjust pH may, for example, be p-toluenesulfonic acid, hydrochloric acid, acetic acid or 
trifluoroacetic acid. 

[0065] The reductive alkylation can be conducted by employing a metal hydride complex such as sodium borohydride, 
sodium cyanoborohydride, lithium aluminum hydride or sodium triacetoxyborohydride, or by catalytic reduction employ- 
ing e.g. palladium-carbon catalyst or Raney nickel catalyst. It is preferred to conduct the reaction by employing a metal 
hydride complex such as sodium borohydride or sodium cyanoborohydride. 

Particularly, in the case where the reduction reaction is conducted under weak acid condition wherein a Schrff base is 
likely to form, it is preferred to use e.g. sodium cyanoborohydride which is relatively stable under acidic condition. 
[0066] In the case where a metal hydride complex is used as a reducing agent, the amount of the reducing agent is 
usually from 1 mol to an excess molar amount, preferably from 1 to 10 mol per mol of the compound of the formula [XI]. 
[0067] In the case where at-least one of R 1 and R 2 is a halogen atom, a lower alkoxycarbonyl group or an aralkyloxy- 
carbonyl group, the halogen atom is reduced to a hydrogen atom, or in the case of a lower alkoxycarbonyl group or an 
aralkyloxycarbonyl group, it may be converted to a carbamoyl group, a lower alkyiaminocarbonyl group, a di-lower 
alkylaminocarbonyl group, a lower alkoxycarbonyl(lower)alkylaminocarbonyl group, an aralkyloxycarbo- 
nyl(lower)alkylaminocarbonyl group, an aralkylaminocarbonyl group, a diaralkylaminocarbonyl group or a heter- 
oaryl(lower)alkylaminocarbonyl group. The reaction of reducing a halogen atom to a hydrogen atom can be conducted 
by conventional catalytic reduction. Converting a lower alkoxycarbonyl group or an aralkyloxycarbonyl group to a car- 
bamoyl group, a lower alkylaminocarbonyl group or a di lower alkylaminocarbonyl group, can be conducted by directly 
reacting with a corresponding amine compound, or converting to a carboxy group and then condensing with a corre- 
sponding amine compound by a conventional method. 

Route 2 

[0068] The reaction of the compound [VIII] with a phosgene or carbonyldiimidazole (CDI) can be conducted in a suit- 
able solvent. A phosgene means not only phosgene itself but also diphosgene or triphosgene, and it is possible to suit- 
ably select among them depending upon the reaction condition. The solvent to be used may, for example, be 
chloroform, methylene chloride, toluene, xylene, diethyl ether, tetrahydrofuran, dioxane or dimethylformamide. 
[0069] The reaction temperature is usually from -1 0°C to the boiling point of the solvent, but as the case requires, it 
may be higher or lower. The reaction time is usually from 30 minutes to one day, but as the case requires it may be 
longer or shorter. 

[0070] The compound produced by the reaction of the compound [VIII] with a phosgene may be isolated o r may not 
be isolated as it is initially formed to react with the compound [III] or [IV]. 

[0071 ] Further, if necessary, as explained in Route 1 , the converting reaction of a halogen atom to a hydrogen atom 
or the converting reaction of a lower alkoxycarbonyl group or an aralkyloxycarbonyl group to a carbamoyl group, a lower 
alkylaminocarbonyl group or a di-lower alkylaminocarbonyl group can be conducted. 

Route 3 

[0072] Route 3 is a process of reacting a tertiary amine represented by e.g. the compound [la] with a compound rep- 
resented by the formula [X] to produce a quaternary amine. Usually, it can be conducted by reacting e.g. the compound 
[la] with an excess amount of the compound [X]. The reaction temperature is usually from 10°C to the boiling point of 
the compound [X], or the boiling point of the solvent if it is used. However, as the case requires, it may be higher or 
lower. The reaction time is usually from 30 minutes to one day, but as the case requires, it may be longer or shorter 
[00731 When making the tertiary amine to quaternary, in the case where R 1 or R 2 is a heteroaryl(lower)alkylaminoc- 
arbonyl group having a heteroaryl group containing at least one nitrogen atom, it is possible to make the nitroaen atom 
quaternary at the same time. 

[0074] The compounds produced by the above Route can be isolated and purified by a conventional meth od in the 
field of organic chemistry, such as extraction, recrystallization or chromatography. 

Pharmacological activity 

[0075] Inhibitory activities against binding to the chemoWne receptors, activities against intracellular cyclic AvMP con- 
centration and CCR3 antagonist activities of the compounds of the present invention are shown hereinafter. 
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(1) Test in inhibitory activities against binding to the chemokine receptor 

[0076] cDNAs which code human chemokine receptor CCR1 was subdoned to Hind Ill/Xba I part of the expression 
vector pRc/CMV (Invitrogen) to prepare pRc/CMV CCR1. Then, pRc/CM V CCR1 was transfected to CHO cells by using 

5 lipofectamine (GIBCO) to obtain a stable cell strain resistant against 0.5 mg/ml of G41 8. 

[0077] The stable cell strain, 50 pM[ 125 l]MIP-1 alpha (2000 Ci/mmol r manufactured by New England Nuciear) and a 
test compound were suspended in 0.2 ml of Krebs- Ringer/0.1% bovine serum albumin/0.1% glucose (pH 7.4), and 
incubated for 90 minutes at a temperature of 37°C. Then, it was subjected to filtration by means of a glass filter GF/C 
which was preliminarily impregnated in 1% of polyethyleneimine. and washed with 1 ml of Krebs-Ringer/0.1% bovine 

10 serum albumin/0.1% glucose (pH 7.4), whereby radio activity on the glass filter was measured. The binding affinity to 
the chemokine receptors CCR1 was shown as a 50% inhibitory concentration (IC50 value) of the compound of the 
present invention against [ 125 I]MIP-1 alpha binding. The IC 50 value of the compound obtained in Example 12 was 5.2 
nM, the IC 50 value of the compound obtained in Example 22 was 3.9 nM, the IC 50 value of the compound obtained in 
Example 26 (named cis for convenience) was 1 .9 nM, the IC 50 value of the compound obtained in Example 61 (named 

75 cis for convenience) was 1 .8 nM, and the IC 50 value of the compound obtained in Example 62 (named cis for conven- 
ience) was 1.8 nM. 

[0078] Further, an expression vector of a gene which codes chemokine receptor CCR3 was transfected to CHO cell 
by using lipofectamine to obtain a stable cell strain resistant against 0.5 mg/tai of G418. The stable cell strain, 50 
pM[ 1 IJEotaxin (2000 Ci/mmol, manufactured by Amersham) and a test compound were suspended in 0.2 ml of Krebs- 

20 Ringer/0.1% bovine-serum albumin/0.1% glucose (pH 7.4) and incubated for 90 minutes at a temperature of 37°C. 
Then, It was subjected to filtration by means of a glass filter GF/G which was preliminarily impregnated in 1% polyeth- 
yleneimine, and washed with 1 ml of Krebs-Ringer/0.1% bovine serum albumin/0.1% glucose (pH 7.4), whereby radio 
activity on the glass filter was measured. The binding affinity to the chemokine receptors CCR3 was shown as a 50% 
inhibitory concentration (IC50 value) of the compounds of the present invention against [ 125 l]Eotaxin binding. The IC50 

25 value of the compound obtained in Example 12 was 40 nM, the IC 50 of the compound obtained in Example 22 was 13 
nM, the IC 50 of the compound obtained in Example 26 (named cis for convenience) was 2.7 nM, the IC 50 of the com- 
pound obtained in Example 61 (named cis for convenience) was 1.7 nM, and the ICso of the compound obtained in 
Example 62 (named cis for convenience) was 0.74 nM. 
f v 

30 (2) Activities to intracellular cyclic AMP concentration 

[0079] £ By using CHO cells which stably express the chemokine receptor CCR1 , the activity of the test compounds to 
intracellular cyclic AMP concentration had been studied. 

[0080] The CHO cells was suspended in Locke's solution (pH 7.4: 154 mM of sodium chloride, 5.6 mM of potassium 
35 chloride, 2 mM of calcium chloride, 1 mM of magnesium chloride, 0.1% glucose, 10 mM of Hepes and 0.3 mM of iso- 
butylmethylxanthine). and preliminarily incubated at a temperature of 37°C for 5 minutes, and 100 nM of hMIP-1 alpha 
and 0.01 mM of Forskolin were added thereto. The reaction was kept for 10 minutes and terminated by adding trichlo- 
roacetic acid. The reaction mixture was centrifuged at 15000 rpm for 5 minutes and supernatant was obtained. Trichlo- 
roacetic acid in the supernatant was removed by extraction with diethyl ether, and the supernatant was evaporated to 
40 dryness by centrifugal evaporator. The cyclic AMP concentration in the sample thus obtained was measured by cyclic 
AMP kit (produced by Amersham). The activity of test compounds to the cyclic AMP concentration was obtained by 
studying antagonism against hMIP-1 alpha by adding 0.01 mM of the test compounds 5 minutes before adding 100 nM 
of hMIP-1 alpha. The results are shown in Table 1 . 



45 

Table 1 





Reaction conditions 


cAMP concentration 






(pmol/10 6 cells) 


50 


Forskolin solely 


67.8+A8.4 




Forskolin + hMIP - 1 alpha 


47.7+/-4.2 




Forskolin + hMIP - 1 alpha + compound obtained in Example 12 


81.6+/-4.2 



55 [0081 ] As shown in Table 1 . the compound of the present invention was found to antagonize the suppressing effect 
of MIP-1 alpha against Forskolin-induced intracellular cyclic AMP concentration. 
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(3) CCR3 antagonist activities 

[0082] By using human eosinophil which stably express CCR3, V. \^WHy of the compounds of the present invention 
to intracellular calcium concentration was measured by the following t 7:S<hod. 4mM of Fura2 acetoxymethyl ester (pro- 
5 duced by Dojin Kagaku Laboratories) was added to eosinophils and incubated for 30 minutes at a temperature of 37°C. 
Then, the mixture was excited by irradiation with light at 340 nm and 380 nm, fluorescence at 500 nm was measured, 
. 340/380 ratio was monitored, thereby intracellular calcium concentration was calculated. As an agonist, CCR3 specific 
chemokine Eotaxin (10 nM) was used, and antagonist activity was obtained as an inhibitory ratio (%) of increase in the 
concentration of intracellular calcium when eosinophils were treated with 41 nM of the compounds of the present inven- 
ts tion 5 minutes before the agonist stimulation. The inhibitory ratio of the compound obtained in Example 26 (named cis 
for convenience) was 51% and the inhibitory ratio of the compound obtained in Example 59 (named cis for conven- 
ience) was 97%. 

[0083] To use the compounds of the present invention for practical use to treat or prevent diseases as mentioned 
above, they may be formulated into various formulations by adding pharmaceutical^ acceptable additives to meet the 

is type of administration, in accordance with a conventional method. As such additives, various additives which are com- 
monly used in the field of drug formulations, may be used, including, for example, gelatin, lactose, sucrose, titanium 
oxide, starch, crystalline cellulose, hydroxypropylmethylcellulose, carboxymethylcellulose, corn starch, microcrystalline 
wax, white petrolatum, magnesium metasilicate aluminate, anhydrous calcium phosphate, citric acid, trisodium citrate, 
hydroxypropylcellulose, sorbitol, sorbitan tatty acid ester, polysorbate, sucrose fatty acid ester, polyoxyethylene, hard- 

20 ened castor oil, polyvinylpyrrolidone, magnesium stearate, light silicic anhydride, talc, vegetable oil. benzyl alcohol, gum 
arabic, propylene glycol, polyalkylene glycol, cyclodextrin and hydroxypropylcyclodextrin. 

[0084] A drug formulation to be formulated by using such additives, may, for example, be a solid formulation such as 
a tablet, a capsule, a granule, a powder or a suppository; or a liquid formulation such as a syrup, an elixir or an injecting 
drug. These formulations can be prepared in accordance with a conventional method commonly employed in the field 
25 of drug formulations. The liquid formulation may be of the type which is to be dissolved or suspended in water or in other 
suitable medium at the time of its use. Particularly, the injection drug may be dissolved or suspended preliminarily in a 
physiological saline or in a glucose solution, or may be a form of a powder which is to be dissolved or suspended in a 
physiological saline or in a glucose solution at the time of its use, and a buffering agent or a preserving agent may fur- 
ther be added. 

30 [0085] These formulations may contain the compound of the present invention in a proportion of from 1 .0 to 100 wt%, 
preferably from 1 .0 to 60 wt% of the total amount of the drug. These formulations may further contain other therapeuti- 
cally effective compounds. 

[0086] When the compound of the present invention is used as an antiallergic, its dose and the frequency of admin- 
istration vary depending upon the sex, the age, the body weight, the diseased degree of the patient, and th© type and 
35 the range of the intended treating effects. However, in the case of an oral administration, it is preferred to administer 
from 0.1 to 100 mg/kg per day for an adult all at once or in a few times in a divided fashion. In the case of parenteral 
administration, it is preferred to administer from 0.001 to 10 mg/kg per day for an adult all at once or in a few times in a 
divided fashion. 

[0087] Now, the present invention will be described in further detail with reference to Examples. However, th e present 
40 invention is by no means restricted by such Examples. 

EXAMPLE 1 

Synthesis of N-M -f cvclooctvlmethvnDiD eridin-4-vllxanthene-9-carboxamide 

45 

Step 1. Synth esis of N>(1-t-bi4oxvcarbonvlDiDeridin-4-vhxanthene>9-carboxamiriP> 

[0088] 4.71 g of 4-amino-1-t-butoxycarbonylpiperidine hydrochloride and 4.50 g of xanthene-9-carboxyiic acid were 
suspended in 150 ml of anhydrous N,N-dimethyIformamide, and 5.5 ml of triethylamine was added thereto. Th e mixture 

so was cooled in ice and 5.73 g of 1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (hereinafter refe rred to as 
EDCI • HCI) and 4.04 g of 1- hydroxy benzotriazole were successively added thereto. The temperature was raised to 
room temperature immediately, and the reaction solution was stirred for 12 hours. After the reaction solution was cooled 
to 0°C, 80 ml of water was added thereto, followed by extraction with ethyl acetate. The organic layer was washed with 
10% citric acid solution, saturated aqueous sodium bicarbonate, water and saturated aqueous sodium chloride, fol- 

55 lowed by drying over anhydrous sodium sulfate. The solvent was distilled off under reduced pressure, and 7.7S g of the 
title compound as a white solid was obtained. 
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Step 2. Synthesis of N-fpiperidin-4-vnxanthene-9-caiboxamide hydrochloride 



[0089] 70 ml of 10% HCl-methanol solution was added to 40 ml of methanol suspension having 7.78 go! N-{1 -t-butox- 
ycarbonylpiperidin-4-yl)xanthene-9-carboxamide t followed by stirring for 17 hours. The solvent was distilled off under 
5 reduced pressure, the obtained residue was washed with ethyl acetate, and 6.10 g of the title compound as a blue- 
green solid was obtained. 

Step 3. Synthesis of N-[1-(cyclooctylmethyl)piperidin-4-yl]xanthene-9-carboxamide 

w [0090] 1.16 g of N-(piperidin-4-yl)xanthene-9-carboxamide hydrochloride and 586 mg of cyciooctanecarbaldehyde 
were suspended in 60 ml of tetrahydrofuran at room temperature, and 1.60 g of sodium triacetoxyborohydride was 
added thereto, followed by stirring for 12 hours at the same temperature. Saturated aqueous sodium bicarbonate was 
added to the reaction solution, followed by extraction with ethyl acetate. The organic layer was washed with saturated 
aqueous sodium chloride, followed by drying over anhydrous sodium sulfate. The solvent was distilled off under 

is reduced pressure, the obtained residue was purified by silica gel column chromatography (developing solvent: chloro- 
form-chloroform/methanol = 50/1), and 660 mg of the title compound as a white solid was obtained. 
[0091] 1 H-NMR(CDCI 3t 6ppm):1.1 1-1.74(19H, m), 1.89-1.97(4H, m), 2.54-2.58(2H, m), 3.64-3.66(1H, m), 4.84(1 H, 
s), 5.10(1H, d, J«8. 1Hz), 7.08-7.14(4H, m), 7.26-7.33(2H, m), 7.37-7.40(2H, m) FAB-MS (m/e, as 
(C 2 8H360 2 N2+H) + ):433 

20 

EXAMPLE 2 

Synthesis of N-[1 -(cyclooptYlethyl)p jperidin-4-yl]xanthene>9-oarboxamide 

25 [0092] The title compound was synthesized in the same manner as in Step 3 of Example 1 by using cyciooctanea- 
cetaldehyde. 

[0093] 1 H-NMR(CDCI 3 , 6ppm) : 1.1 7-1 .59(1 9H, m), 1.71-1 .78(2H, m), 1.95-2.03(2H, m), 2,22-2.27(2H, m), 2.59- 
2.66(2H, m), ,3.63-3. 69(1H, m), 4.84(1H, s), 5.10(1H, d, J=7.6Hz), 7.08-7.14(4H, m), 7. 26-7.39(4H, m) 
FAB-MS(m/e, as (C 29 H 38 0 2 N9+H)+):447 

30 

EXAMPLE 3n 

Synthesis of N-f 1 -fcvclooctvlpropvnpiperidin-4-vnxanthene-9-carboxamide 

35 [0094] The title compound was synthesized in the same manner as in Step 3 of Example 1 by using cyclooctanepro- 
pionaldehyde. 

[0095] 1 H-NMR(CDCI 3l 5ppm):1.07-1.85(23H, m), 2.02-2.14(2H, m), 2.26-2.31(2H, m), 2.68-2.76(2H, m), 3.63- 
3.72(1 H, m), 4.85(1 H. S), 5.21(1H, d, J=6.4Hz), 7.08-7.15(4H, m), 7.28-7.35(2H, m), 7.36-7.39(2H, m) 
FAB-MS(m/e, as (C 3 oH4 0 0 2 N2+H) + ):461 

40 

EXAMPLE 4 

Synthesis of N-f 1 -fcvclononvlmethvl)piperidin-4-vl1xanthene-9-carboxamide 

45 [0096] The title compound was synthesized in the same manner as in Step 3 of Example 1 by using cyclononanecar- 
baidehyde. 

[0097] 1 H-NMR(CDCI 3 , 5ppm):1. 10-1. 80(21 H. m), 1.85-2.05(4H, m), 2.48-2.62(2H, m), 3.55-3.75(1 H , m), 4.84(1 H, 
S), 5.10(1H, d, J=7. 5Hz), 7.05-7.45(8H, m) 
FAB-MS(m/e, as (C 2 9H3 8 0 2 N2+H) + ):447 

50 

EXAMPLE 5 

Synthesis of N-f 1 -fcvclohexvlmethvnpiperidin-4-ynxanthene-9-carboxamide 

55 [0098] The title compound was synthesized in the same manner as in Step 3 of Example 1 by using cyclohexanecar- 
baldehyde. 

[0099] 1 H-NMR(CDCI 3l 6ppm):0.77-0.84(2H, m), 1.12-1.26(4H, m), 1.34-1 .39(1H, m), 1.57-1.75(1 OH, m), 1.89- 
1.96(2H, m), 2.51-2. 56(2H, m). 3.63-3.68(1 H, m), 4.84(1 H, s), 5.08(1 H, d, J=5.9Hz), 7. 08-7.1 4(4H, m). 7.25-7.31 (2H, 
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m), 7.36-7.40(2H, m) 

FAB-MS(m/e, as (C 26 H 32 O 2 N 2 +Hn:405 

EXAMPLE 6 

Synthesis of N-f^2>decalvim6thvlpiDerid>n>4»vnixanth eHe -9-carboxamid6 

[0100] The title compound was synthesized in the same manner as in Step 3 of Example 1 by using 2-decalincarbal- 
dehyde. 

[0101] 1 H-NMR(CDCI 3 , 5pprn):0. 79-2.00(2 1H, m), 2.00-2.30(4H, m), 2.65-2.95(2H, m), 3.65-3.80(1 H, m), 4 85(1H, 
s), 5.25-5.41 (1 H, br. d), 7.05-7.40(8H I m) 
FAB«MS(m/e, as (C 30 H 38 O 2 N 2 +H) + ):459 

EXAMPLE 7 

S ynthesis of N-(1-hexYlpiperidin-4-vnxanthene>9-carboxamide 

[0102] 60 mg of potassium carbonate and 25 ml of iodohexane were successively added to 5.0 ml of acetonitrile sus- 
pension having 50 mg of N-(piperidin-4-yl)xanthene-9-carboxamide hydrochloride, followed by reflux under heating for 
4 hours. After cooled to room temperature, water was added to the reaction solution, followed by extraction with ethyl 
acetate and drying over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, the 
obtained residue was purified by preparative thin layer chromatography (Kiese!ger M 60F 254t Art5744 produced by Merck 
Co.: chloroform/methanol = 10/1), and 35 mg of the title compound as a white solid was obtained. 
[0103] 1 H-NMR(CDCI 3 , 6ppm):0.85(3H, t, J=7.0Hz), 1 .15-1 ,90(12H, m), 1.95-2.75(6H, m), 3.60-3.77(1 H, m) 
4.82(1 H, s), 5.15(1 H d, J =5.7Hz), 7.05-7.40(8H, m) 
FAB-MS(m/e, as (C 25 H 32 0 2 N 2 +H) + ):393 

EXAMPLE 8 

Synthesis of N-r9-(cvcloocty{methvl)>9-azabicvclor3.3.11nonan-3-vnxanthene-9-carboxamirift 

Step 1 ■• Synthesis of N-f9-t-butoxvcarbonvN9 -azabtcvclof3.3.nnonan>3-vhxanthene-9-carboxamide 

[0104] 15 ml of anhydrous N,N-dimethylformamide suspension having 165 mg of 3-amino-9-t-butoxycarbonyl-9- 
azabicycio[3.3.1]nonane and 155 mg of xanthene-9-carboxylic acid was cooled with ice, and 224 mg of EDCI - HCI and 
157 mg of 1-hydroxybenzotriazole were successively added thereto. The temperature was raised to room temperature 
immediately, and the reaction mixture was stirred for 21 hours. 10 ml of water was added to the reaction sofution, fol- 
lowed by extraction with diethyl ether. The organic layer was washed with 10% citric acid solution, saturated aqueous 
sodium bicarbonate, water and saturated aqueous sodium chloride, followed by drying over anhydrous sodium sulfate. 
The solvent was distilled off under reduced pressure, and 301 mg of the title compound as a white solid was obtained. 

Ste P 2 - Synthesis of N-(9-azabicvclof3.3.nnonan>3-vl)xanthene-9-carboxamide hydrochloride 

[0105] 10 ml of 10% HCI-methanol solution was added to 199 mg of N-(9-t-butoxycarbonyl-9-azabicyclo[3.3 .1]nonan- 
3-yl)xanthene-9-carboxamide, followed by stirring for 21 hours. The solvent was distilled off under reduced pressure, 
the obtained residue was washed with ethyl acetate, and 166 mg of the title compound as a white solid was obtained. 

ste P 3. Synthesis of N-f9-(cvclooctvlmethvn-9- azabicvclor3.3. 1 1nonan-3-vl1-xanthene-9-carboxamide 

[0106] 38.5 mg of N-(9-azabicyclo[3.3.1]nonan-3-yl)xanthene-9-carboxamide hydrochloride and 44.1 mg of cyclooc- 
tanecarbaldehyde were suspended in 3 ml of methanol at room temperature, and 1.60 g of sodium triacetoxyborohy- 
dride was added thereto, followed by stirring for 12 hours at the same temperature. Saturated aqueous sodium 
bicarbonate was added to the reaction solution, followed by extraction with ethyl acetate. The organic layer was washed 
with saturated aqueous sodium chloride and dried over anhydrous sodium sulfate. The solvent was distilled off under 
reduced pressure, the obtained residue was purified by preparative thin layer chromatography (Kieselger M 60F 254 , 
Art5744 produced by Merck Co.: chloroform/methanol = 19/1), and 9.0 mg of the title compound as a white solid was 
obtained. 

[0107] 1 H-NMR(CDCI 3 , 6ppm):1.06-1.90(25H, m), 2.18-2.25(2H, m), 2.69-2. 74(2H, m), 4.52-4.57(1H, m), 4.85(1H, 
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s), 4.99-5.03(1 H, m), 7.03-7.1 4(4H, m), 7.22-7.39(4H, m) 
FAB-MS(m/e, as (C 3 iH4o0 2 N2+H) + ):473 

EXAMPLE 9 

• 5 

Synthesis of N-f 1 -(cvcbocMmeth^)DiDeridin-4-vnDhenQxa2ine-9 -carbQxamide 
Step 1 . Synthesis of 4-t-butoxvcarbonvlamino-1-cvciooctvimethvlDiparidine 

»o [0108] 1.80 g of 4-t-butoxycarbonylaminopiperidine and 1.28 g of cyclooctanecarbaldehyde were dissolved in 80 ml 
of methanol at room temperature, and 0.55 ml of acetic acid and 6.23 g of sodium triacetoxyborohydride were succes- 
sively added thereto, followed by stirring for 17 hours at the same temperature. Saturated aqueous sodium bicarbonate 
was added to the reaction solution, followed by extraction with ethyl acetate. The organic layer was washed with 10% 
citric acid solution, saturated aqueous sodium bicarbonate, water and saturated aqueous sodium chloride and dried 

is over anhydrous sodium sulfate. The solvent was distilled off under reduced pressure, the obtained residue was purified 
by silica gel column chromatography (developing solvent: chloroform-chloroform/methanol = 25/1), and 1.66 g of the 
title compound as a white solid was obtained. 

Step 2. Synthesis of 4-amino-1 -cvclooctvlmethvlpiperidine dihvdrochloride 

20 

[0109] 15 ml of 10% HCI-methanol solution and 15 ml of diethyl ether were added to 1.66 g of 4-t-butoxycarbo- 
nylamino-1-cyclooctylmethyIpiperidine, followed by stirring for 18 hours. The solvent was distilled off under reduced 
pressure, the obtained residue was washed with diethyl ether, and 1.44 g of the title compound as a white solid was 
obtained. 

25 

Step 3. Synthesis of N-f1 -(cvclooctvlmethvl>DiDeridin-4-vn-phenoxazine-9-carboxamide 

[01 1 0] 50.3 mg of phenoxazine was dissolved in 3 ml of tetrahydrofuran at room temperature, and 0.15 ml of triethyl- 
amine and 86 mg of triphosgene were successively added thereto. After refluxed under heating for 30 minutes, 1 10 mg 

30 of 4-amino-1-cyclooctyimethyipiperidine dihydrochloride and 0.15 ml of triethylamine were added thereto, followed by 
reflux under heating for 2 hours. Water was added to the reaction solution, followed by extraction with ethyl acetate. The 
organic layer was washed with saturated aqueous sodium chloride, and dried over anhydrous sodium sulfate. The sol- 
vent was distilled off under reduced pressure, the obtained residue was purified by preparative thin layer chromatogra- 
phy (Kieselgei™60F 254 , Art5744 produced by Merck Co.: chloroform/methanol = 30/1), and 105 mg of the title 

35 compound as a yellow solid was obtained. 

[0111] 1 H-NMR(CDCI 3 , 5ppm):1. 11-1. 75(1 7H, m), 1.92-1 .97(2H, m), 2.01-2.1 1(4H. m), 2.71-2.80(2K m), 3.72- 
3.78(1H, m), 5.25(1H, d, J=5.8Hz), 7.04-7.17(6H, m), 7.50(2H, d, J=7.1Hz) 
FAB-MS (m/e, as (C 27 H 35 0 2 N 3 +H) + ):434 

40 EXAMPLE 10 

Synthesis of N-f 1 -(cyclooctvlmethvnpiperidin-4-vnphenothiazine-9-carboxamide 

[0112] The title compound was synthesized in the same manner as in Step 3 of Example 10 by using phenothiazine. 
45 [0113] 1 H-NMR(CDCI 3 . 6ppm):1 .1 1-1. 65(1 7H, m), 1.87-2.08(6H, m), 2.62-2.72(2H, m), 3.67-3.73(1 H, rn), 4.85(1 H, d, 
J=7.6Hz), 7.12-7.33(4H, m), 7.36-7.40(2H, m). 7.53-7.57(2H, m) 
FAB-MS (m/e, as (C 27 H 35 ON 3 S+H) + ):450 

EXAMPLE 11 

50 

Synthesis of 1-cvclooctvlmethyl-1-methvl-4-(xanthene-9-carboxamido^Dioeridi nium iodide 

[0114] 1 ml of methyl iodide was added to 9 mg of N-[1-(cyclooctylmethyl)piperidin-4-yl]xanthene-9-cartDOxamide, fol- 
lowed by stirring for 19 hours at room temperature. Methyl iodide was distilled off under reduced pressure, and 12 mg 
55 of the title compound as a pale yellow solid was obtained. 

[0115] 1 H-NMR(CDCI 3( 8ppm):1 .37-1.81(19H, m), 1 .85-2.04(2H. m), 2.14-2.49(2H, m), 3.23(3H, s), 3.40-3.59(2H, 
m), 3.98-4.25(1H, m), 5.1 7&5.41(1H, s), 6.90-7.60(8H, m), 8.25-8.52(1H l m) 
FAB-MS (m/e, as (C 2 9H 39 0 2 N 2 l-l) + ):447 
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Synthesis of 1-cvclooctv lr^ 1 - ^xanthene-9-carboxamido)piperidinium iodide 

5 [0116] The title compounu same manner as in Example 11 by using ethyl iodide. 

[0117] 1 H-NMR(CDCI 3 , Sppm):1 .16-2.03(2^*. m). 2.15-2.51(2H. m). 3.05-3.79(4H, m), 3.85-4.30(1H, m), 5.18 & 
5.42(1 H. S). 6.80-7. 60(8H, m), 8.33 & 8.55(1 H. d. J=7.7Hz) 
FAB-MS (m/e. as (C 30 H 41 O 2 N 2 M) + ):461 

w EXAMPLE 13 

Synthesis of 1-cvclooctvlmethvl-1-propyl-4-(xanthene-9-carboxamido)piperidinium iodide 

[0118] The title compound was synthesized in the same manner as in Example 1 1 by using 1 -iodopropane. 
15 [0119] 1 H-NMR(CD 3 OD, 8ppm):1.03&1.05(3H. t, J=7.3Hz), 1.30-2. 20(21 H, m), 3.05-3.65(8H, m), 3.85-3.98(1 H, m) t 
4.56(1 H, s), 7.06 -7.45(8H, m) 
FAB-MS (m/e. as (C 31 H430 2 N 2 l-l) + ):475 

EXAMPLE 14 

20 

Synthesis of l-allvl-l-cvciooctvlmethvl-^-rxanthene-g-carboxamidolpiperidinium bromide 

[0120] The title compound was synthesized in the same manner as in Example 1 1 by using allyl bromide. 
[0121] 1 H-NMR(CDCI 3 , 5ppm):1 .22-2.41 (19H, m), 3.00-4.05(9H, m), 5.29 & 5.47(1H, s), 5.65-6.10(3H, m), 6.80- 
25 7.80(8H, m), 9.15 & 9.52(1 H, d, J=8.5Hz) 
FAB-MS (m/e, as (C 31 H 41 0 2 N 2 Br-Br) + ):473 

EXAMPLE 15 

30 Synthesis of 1-cvclononylmethvM>methvl-4-fxanthene-9-carboxamtdo^piperidinium iodide 

[0122] The title compound was synthesized in the same manner as in Example 11 by using N-[1 -(cyclononylme- 
thyl)piperidin-4-yl]xanthene-9-carboxamide. 

[0123] 1 H-NMR(CD 3 OD, 5ppm):1. 20-2.21 (21 H. m), 3.11(3H, s) f 3.15 -3.65(6H, m), 3.80-3.97(1 H, m), 4.93«4.95(1H, 
35 s), 7.05-7.35(8H, m) 

FAB-MS (m/e, as (C3oH4i0 2 N 2 l-l) + ):461 

EXAMPLE 16 

^o Synthesis of 1-M-decalvlmethvl)-1-methvl-4-rxarrthene-9-carboxamido^piperidinium iodide 

[0124] The title compound was synthesized in the same manner as in Example 11 by using N-[1-(1-decalylrnethyl)pip- 
eridin-4-yl]xanthene-9-carboxamide. 

[0125] 1 H-NMR(CD 3 OD, 5ppm):0.80-2.23(21H, m), 3.06 & 3.08(3H, s), 3.15-3.65(6H, m), 3.80-4.00(1H, m), 4.92 & 
45 4.98(1 H, s), 7.03 -7.36(8H ( m) 

FAD-MS (m/e, as (C 31 H 41 0 2 N 2 l-l) + ):473 

EXAMPLE 17 

so Synthesis of 1-(2-decalvlmethyn-1-methvl-4-(xanthene-9-carboxamido)piDeridinium iodide 

[0126] The title compound was synthesized in the same manner as in Example 1 1 by using N-[l-(2-decalylrnethyl)pip- 
eridin-4-yl]xanthene-9-carboxamide. 

[0127] 1 H-NMR(CD 3 OD, 6ppm):0.80-2.09(21H, m), 3.02-3.68(9H, m), 3.81-3.98(1H, m), 4.94&4.99(1H f s), 7.03- 
55 7.38(8H, m) 

FAB-MS (m/e, as (C 31 H 41 0 2 N 2 l-l) + ):473 
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EXAMPLE 18 



Synthesis of 1-hexvl-1 -methvN4 >fxanth6ne-9-carboxamido)DiDeridinium iodide 

s [0128] The title- compound was synthesized in the same manner as in Example 1 1 by using N-(1-hexylpiperidin-4- 
yl)xanthene-9-carboxamide. 

[0129] 1 H-NMR(CD 3 OD, Sppm):0.85-2.10(15H, m), 3.07 & 3.10(3H, s), 3.30-4.00(7H t m), 4.90-5.00(1H, m), 7.05- 
7.35(8H, m) 

w EXAMPLE 19 

Synthesis of N-f 1-(1 -cvclohexvlethvnDiperidin-4-vlVxanthene-9-carboxamide 

[0130] The title compound was synthesized in the same manner as in Example 7 by using 1-cyclohexylethyl p-tolue- 
is nesulfonate. 

[0131] ^-NMFKCDCb, 6ppm):0.74-0.92(5H, m), 1.03-1.35(6H, m), 1.5M.86(6H, m) ( 2.01-2.21(3H, m), 2.33- 
2.57(3H, m), 3.59-3. 66(1 H, m), 4.84(1 H, s, 5.12-5.18(1 H, m), 7.03-7.1 9(4H, m), 7.20 -7.40(4H, m) 
FAB-MS (m/e, as (C 2 7H340 2 N2+H) + ):419 

20 EXAMPLE 20 

Synthesis of N-f1 -fcvclooctvlmethynDiperidin-4-vn-2.7-dibromoxanthene-9-carboxamide 

[0132] The title compound was synthesized by using 2,7-dibromoxanthene-9-carboxyic acid instead of xanthene-9- 
25 carboxylic acid, and 1 , 1 '-carbonyidiimidazole instead of EDCI • HCI and 1 -hydroxybenzotriazoie in Step 1 of Example 1 . 
[0133] 1 H-NMR(CDCI 3 , 5ppm):1. 09-1. 95(1 9H, m), 1.95-2.07(4H, m), 2.55-2.69(2H, m), 3.60-3.78(1 H, m), 4.73(1 H 
s), 5.1 2(1 H, d, J=8. 0Hz), 7.01 (2H, d, J=8.6Hz), 7.4^ (2H, dd, J=2.3. 8.6Hz), 7.50(2H, d. J=2.3Hz) 
FAB-MS (m/e, as (C2 8 H340 2 N2Br2+H)+):589, 591 ,593 

30 EXAMPLE 21 

Synthesis of N-f1-M-a damantvlmethvnDioeridin-4-vn-xanthene-9-carboxamide 

[01 34] The title compound was synthesized in the same manner as in Step 3 of Example 1 by using 1 -adamantane- 
35 carbaldehyde. 

[0135] 1 H-NMR(CDCI 3 , 5ppm):1.16-1 .26(2H, m), 1.36-1 .50(6H. m), 1.56-1. 74(8H. m), 1 .82-1 .89(5H, m), 2 16- 
2.23(2H, m), 2.46-2. 54(2H, m), 3.58-3.66(1H, m), 4.85(1H, s), 5.07-5:1 1(1 H, m), 7.08 -7.14(4H, m), 726-7.33(2H m) 
7.37-7.40(2H, m) 

FAB-MS (m/e, as (C 30 H3 6 O 2 N2+H) + ):457 

40 

EXAMPLE 22 

Synthesis of 1 -cyclooctvlmethvl-1-methvl-4-f 2.7-dibromoxanthene-9>carboxamido>DiDeridinium iodide 

ts [0136] The title compound was synthesized in the same manner as in Example 11 by using N-[1-(cyclooctylme- 
thyI)piperidin-4-yO-2,7-dibromoxanthene-9-carboxamide. 

[0137] 1 H-NMR(CD 3 OD, 6ppm):1. 24-2.25(1 9H. m), 3.10 & 3.12(3H, s), 3.20-3.65(6H, m), 3.80-3.96(1H. m), 4.88MH 
s), 7.05-7.55(6 H, m) 

FAB-MS (m/e, as (C^HsyC^N^l-IDtfOS, 605, 607 

so 

EXAMPLE 23 

Synthesis of 1-cvclooctv lmethvl-1-butvl-4-fxanthene-9-carboxamido)oiperidinium iodide 

55 [0138] The title compound was synthesized in the same manner as in Example 1 1 by using n-butyl iodide. 

[0139] 1 H-NMR(CD 3 OD,6ppm):1.01 & 1 .04(3H, t, J=7.3Hz), 1 .09-2. 09(23H, m), 3.14-3.68(8H, m), 3.85-4.00(1 H, m), 
4.94 &4.97(1H, s),7.15-7.40(8H, m) 
FAB-MS (m/e, as (C 32 H450 2 N 2 M) + ):489 
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EXAMPLE 24 

Synthesis of 1-M-adamanMmethyl)-1-metM iodide 

[0140] The title compound was synthesized in the same manner as in Example 1 1 by using N-[1-(1-adarnantylme- 
thyl)piperidin-4-yl]-xanthene-9-carooxamide. 

[0141] 1 H-NMR((CD 3 ) 2 SO, 8ppm):1. 56-2.02(1 9H, m), 3.13(3H, s), 3. 21-3.78(6H, m). 3.60-3.81(1 H, s), 4.90(1H, s), 
7.04-7.32(8H. m), 8.43(1 H, d. J=7.4Hz) 
FAB-MS (m/e, as (C 31 H3 9 02N 2 1-I) + ):471 

EXAMPLE 25 

Synthesis of 1-cvdooctvlethy|-1-methvl-4-fxanthene>9^ arboxamido)piDeridinium iodide 

[0142] The title compound was synthesized in the same manner as in Example 1 1 by using N-[1-(cyclooctylethyl)pip- 
eridin-4-yl]-xanthene-9-carboxamide. 

[0143] 1 H-NMR((CD 3 ) 2 SO, 8ppm) :1. 20-2.05(21 K m), 3.00(3H, s), 3. 21-3.55(6H, m), 3.67-3.85(1 H, m), 4.92(1H, s), 
7.00-7.35(8H, m), 8.40-8.50(1 H, m) 
FAB-MS (m/e, as (C3oH 41 02N2l-ir):461 

EXAMPLE 26 

Synthesis of cis»-1-cycl OQctylmethyH^ iodide and trans*-1- 

cyclooctylmethyl-1-ethyl-4-(2.7-dibromoxanthene-9-carboxamido)piDeridinium iodide (here, cis* and trans* are provi- 
sionally assigned as the stereostructures have not vet been determined. The same applies hereinafter.) 

[0144] 5 ml of iodoethane was added to 204 mg of N-[1 -(cyclooctylm"ethyl)piperidin-4-yl]-2,7-dibromoxanthene-9- car- 
boxamide, followed by stirring for 44 hours in oil bath of 95°C. The reaction solution was concentrated, the obtained res- 
idue was purified by silica gel column chromatography (developing solvent: chloroform/methanol ■ 97/3 - 95/5 - 10/1). 
175 mg of the title compound as a colorless solid, named cis form for convenience, which was the fraction eluting first 
in silica gel column chromatography, and 90 mg of the title compound as a colorless solid, named trans form for con- 
venience, which was the fraction eluting later in silica gel column chromatography, were obtained. 

CMsM^clopcMmet^ iodide 

[0145] 1 H-NMR(CDCI 3 , 8ppm):1 .36(3H, t, J=7.1Hz), 1.38-1.82(14H. m). 1.95-2.16(3H, m). 2.31-2.50(2H, m), 
3.21(2H, d, J=4.3Hz), 3. 54-3.69(2H, m), 3.82(2H, q, J=7.1 Hz)3.88-4.04(2H, m), 4.23-4.3 5(1 H f m), 5.39(1H, s), 
6.91 (2H, d, J=8.7Hz), 7.31 (2H, dd. J-2.4. 8.7 Hz), 7.55(2H,d, J=2.4Hz), 8.88(1 H, d, J=8.6Hz) 
FAB-MS(m/e, as (C 30 H3 g O 2 N 2 Br2l-l) + ):617, 619, 621 

transM -cyclooctvlmethvl-1 -ethvl-4-r2. 7-dibromoxanthene-9-carboxamido^piperidinlum iodide 

[0146] 1 H-NMR(CDCI 3 , fippm):1.29(3H, t, J=7.1Hz), 1 .38-2.25(1 9H, m), 3.36-3.52(2H, m), 3.43(2H t q, J=7.1Hz), 
3.58(2H, d, J=4.0Hz), 4.20-4.41(3H, m), 5.57(1 H, s), 6.92(2H, d. J=8.7Hz), 7.30(2H, dd, J =2.3, 8.7Hz). 7. 61(2H, d, 
J=2.3Hz),9.12(1H, d, J=8.5Hz) 
FAB-MS (m/e, as (C 3 oH390 2 N 2 Br 2 l-!) + ):617, 619, 621 

EXAMPLE 27 

Synthesis of 1-cvclooctvlmethvl-1-propvl-4-f2.7-dibromoxanthene-9-carboxamido>piperidinium iodide 

[0147] The title compound was synthesized in the same manner as in Example 13 by using N-[1-(cyclooctyIme- 
thyl)piperidin-4-yl]-2,7-dibromoxanthene-9-carboxamide. 

[0143] 1 H-NMR(CDC! 3t 5ppm):1.07 & 1.13(3H, t, J=7.1Hz), 0.90-2. 53(21 H, m), 3.10-4.46(9H, m), 5.36 &. 5.67(1 H, 
s), 6.90&6.93(2H, d, J=8.7Hz), 7.29 & 7.31(2H, dd, J=2.4, 8.7Hz), 7.56&7.63(2H, d, J =2.4Hz), 8.84 & 9.04MH, d, 
J=8.4Hz) 

FAB-MS(m/e, as (C 31 H 41 02N 2 Br 2 l-l) + ):631 t 633, 635 
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EXAMPLE 28 

Synthesis of 1-cvciooctvlmethvM-met^ iodide 

5 Step 1 . Synthesis of methvl 2.7-divinylxanthene-9-carfroxvlate 

[0149] Dioxane solution having 200 mg of methyl 2,7-dibromoxanthene-9-carboxylate, 0.45 ml of vinyltributyl tin and 
35 mg of bis(triphenylphosphine)palladium(ll) chloride was stirred for 3 hours in oil bath of 120°C. After cooled to room 
temperature, saturated aqueous sodium bicarbonate was added to reaction solution, followed by extraction with ethyl 
10 acetate. The organic layer was washed with 40% potassium fluoride solution and dried over anhydrous sodium sulfate. 
The solvent was distilled off under reduced pressure, the obtained residue was purified by silica gel column chromatog- 
raphy (developing solvent: hexane/ethyl acetate = 19/1), and 92 mg of the title compound as a white amorphous was 
obtained. 

75 Step 2. Synthesis of 2.7-divinvlxanthene-9-carboxvlic acid 

[0150] 0.2 ml of 4N sodium hydroxide was added to 0.5 ml THF - 0.5 ml MeOH slution having 83 mg of methyl 2,7- 
divinylxanthene-9-carboxylate, followed by stirring for 14 hours at room temperature. The reaction solution was concen- 
trated, and then diluted with water, followed by extraction with ethyl acetate. The aqueous layer was acidified with 1N 
20 hydrochlric acid, extracted with ethyl acetate, and dried over anhydrous magnesium sulfate. The solvent was distilled 
off under reduced pressure, and 62 mg of the title compound as a colorless solid was obtained. 

Step 3. Synthesis of N-M -rcvclooctvlmethvhpiperidin-4-vn-2.7-divinvlxanthene-9-carboxamide 

25 [01 51 ] The title compound was synthesized by using 2,7-divinylxanthene-9-carboxylic acid instead of xanthene-9-car- 
boxylicacid in Step 1 of Example 1. 

■m 

Step 4. Synthesis of 1 -cvclooctvlmethvl-1 -methvl-4-r2.7-divinvlxanthene- 9-carboxamido^piperidinium iodide 

30 [0152] The title compound was synthesized in the same manner as in Example 20 by using N-[1-(cycloocty!me- 
thyl)piperidin-4-yl]-2,7-divinylxanthene-9- carboxamide. 

[0153] 1 H-NMR((CD 3 ) 2 SO, 5ppm):1.19-2.20(19H, m), 3.03(3H, s), 3. 11-3.55(6H, m), 3.68-3.85(1H, m). 4.90(1 H, s), 
5.21 (2H, d, J=*11.0 Hz), 5.74(2H, d, J=17.7Hz), 6.70(2H, dd, J=11.0. 17.7Hz), 7.11(2H, d. J=8.5Hz). 7.37(2H, d, 
J=2.0Hz), 7.44(2H, dd, J=2.0, 8.5Hz), 8.41 &8.45(1 H, d, J=7.9Hz) 
35 FAB-MS(m/e, as (C 33 H430 2 N 2 l-l) + ):499 

EXAMPLE 29 

Synthesis of 1 -cvdooctvlmethvl-1-methvl-4-(2-bromoxanthene-9-carboxamido^piperidinium iodide 

40 

Step 1 . Synthesis of N-H ■(cvclooctvlmethvnpiperidin-4-yl1-2-bromoxanthene-9-carboxamide 

[0154] The title compound was synthesized by using 2-bromoxanthene-9-carboxylic acid instead of xanthene-9-car- 
boxylic acid in Step 1 of Example 1. 

45 

Step 2. Synthesis of 1-cvclooctvlmethvl-1-methvl-4-f2-bromoxanthene-9-carboxamido^piperidinium iodide 

[0155] The title compound was synthesized in the same manner as in Example 11 by using N-[1 -(cyclooctylme- 
thyl)piperidin-4-yl]-2-bromoxanthene-9-carboxamide. 
so [0156] 1 H-NMR((CD 3 ) 2 SO t 5ppm):1.08-2.20(19H, m), 3.04(3H, s), 3. 11-3.56(6H, m), 3.64-3.85(1H. m), 4.93 & 
4.95(1 H, S), 7.00-7.7 2(7H, m), 8.44 & 8.49(1 H,d,J=7.3Hz) 
FAB-MS(m/e, as (C29H 38 0 2 N2Brl-l) + ):525, 527 
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EXAMPLE 30 

Synthesis of 1-cyclooctvlmethvl-1-methvJ-4-(2.^^ iodide 
Step 1 . Synthesis of N-H-(cvciooctvlmethvnm^ 

[0157] 33 mg of N-[1-(cyclooctylmethyl)pipe^ was dissolved in 2 ml 

methanol-6 ml ethyl acetate, 20 mg of 1 0% palladium-carbon catalyst was added thereto, followed by catalytic reduction 
for 15 hours at room temperature under hydrogen normal pressure. The catalyst was removed by filtration, the filtrate 
was evaporated to dryness, and the obtained residue was purified by silica gel column chromatography (developing sol- 
vent: chlorofornVmethanol a 97/3), and 22 mg of the title compound as colorless amorphous was obtained. 

Step 2. Synthesis of 1 -cycloortvimethvl-1 -me^ iodide 

[0158] The title compound was synthesized in the same manner as in Example 11 by using N-[1-(cyclooctylme- 
thyl)piperidin-4-yl]-2,7-diethylxanthene-9-carboxamide. 

[0159] 1 H-NMR(CDCI 3 , 8ppm):1.20 & 1.18(6H, t J=7.6Hz), 1.38-2. 52(19H, m), 2.59(4H, q, J=7.6Hz), 3.24 & 
2.99(3H, s), 3.15-3.99(6 H, m), 4.08-4.23(1 H, m), 5.04 & 5.24(1H, s), 6.90-7.34(6H, m), 8. 08 &8.31(1H, d, J=8.0Hz) 
FAB-MS (m/e, as (C 3 3H 47 O 2 N 2 l-l) + ):503 

EXAMPLE 31 

Synthesis of 1 -pyQlooctyl methyM -methyl-4-(2 . 7-d ichior o xanthene- 9 -carboxamido^ineridinium iodide 
Step 1 . Synthesis of N-M ■(cvclooctvlmethvnDiperidin-4-vl1-2.7-dichbroxanthene-9-carboxam»de 

[0160] The title compound was synthesized by using 2,7-dichloroxanthene-9-carboxyIic acid instead of xanthene-9- 
carboxylic acid in Step 1 of Example 1 . 

Ste P 2 - Synthesis of 1 ■cvclooct vlmethvl-1 -methvl-4^2.7<iichloroxanthene-9-carboxamido)piperidinium iodide 

[0161] The title compound was synthesized in the same manner as in Example 11 by using N-[1-(cyclooctylme- 
thyOpiperidin^-yll-a^-dichloroxanthene-g-carboxamide. 

[0162] 1 H-NMR((CD 3 ) 2 SO, 5ppm):1 .20-2. 18(1 9H, m), 3.02(3H, s), 3. 11-3.53(6H, m), 3.65-3.83(1 H, m), 4.91(1H, s), 
7.16-7.47(6H, m), 8.41(1 H,d,J=5.9Hz) 
FAB-MS(m/e, as (C 29 H370 2 N 2 CI 2 l-in:51 5 

EXAMPLE 32 

Synthesis of 1-cvclooctv[methvl-1-methvl~4-fthioxa n thene-9-carboxamido^p i peridinium iodide 
Step 1 . Synthesis of N-M -(cvclo octvlmethvhpiDeridin-4-vn-thioxanthene-9-carboxamide 

[01 63] The title compound was synthesized by using thioxanthene-9-carboxylic acid instead of xanthene-9-carboxylic 
acid in Step 1 of Example 1 . 

Step 2. Synthesis pf 1-cyplopctYl methYl-1-methvl-4^ thioxanthene-9-cait)oxamido^DiDeridinium iodide 

[0164] The title compound was synthesized in the same manner as in Example 11 by using N-[1 -(cyclooctylme- 
thyI)piperidin-4-yl]-thioxanthene-9-carboxamide. 

[0165] 1 H-NMR((CD 3 ) 2 SO, 6ppm):1. 20-2.1 5(19H, m), 2.97 & 3.01 (3 H, s), 3.17-3.45(6H, m), 3.70-3.86(1 H, m), 4.90 
& 4.95(1 H, s), 7. 26-7.51 (8H, m), 7.59&7.90(1 H, d, J=6.5Hz) 
FAB-MS (m/e, as (C 29 H 39 0 2 N 2 SI-l) + ):463 



<EP 0916668A1J_> 



24 



EP 0 916 668 A1 

EXAMPLE 33 



Synthesis of 1 -cvclooctvlmethyl-l-methyN^ iodide 

5 Step 1 . Synthesis of IM-f 1 -(cvcloocWlmethvflpiDeridin-4-^ 

[0166] The title compound was synthesized by using 2,7-dimethylxarrthene-9-carboxylic acid instead of xanthene-9- 
carboxylic acid in Step 1 of Example 1 . 

10 Step 2. Synthesis of 1-cvclooctvlmethvH -methyl-^ iodide 

[0167] The title compound was synthesized in the same manner as in Example 11 by using N-[1-(cyclooctylme- 
thyOpiperidin^-yO-aj-dimethylxanthene-Q-carboxamide. 

[0168] 1 H-NMR((CD 3 ) 2 SO, 5ppm):1.1 5-2.20(1 9H, m), 2.29(6H, s), 3. 01(3H, s), 3.12-3.55(6H, m), 3.65-3.74(1 H, m), 
75 4.79(1 H, s), 6.88-7.16(6H, m), 8.31 & 8.4.1(1 H, d, J=7.5Hz). 
FAB-MS (m/e, as (C 31 H430 2 N 2 l-l)+):475 

EXAMPLE 34 

20 Synthesis of 1 -cvclooctylmethyi-1 •methyl-4-(3.6-dimethvlxanthene-9-carboxamido)piperidinium iodide 
Step 1 . Synthesis of 3.6-dimethvlxanthene 

[0169] 4 ml of ethanol was added to 164 mg of 3,6-dimethyixanthone, followed by reflux under heating to dissolve it. 
25 250 mg of metal sodium was added thereto, followed by stirring for 20 minutes at the same temperature. Water was 
added to the reaction solution, precipitated crystal was obtained by filtration, and 130 mg of the title compound as a 
colorless solid was obtained. 

Step 2. Synthesis of 3.6-dimeth ylxanthene-9-carboxvlic acid 

[0170] 0.74 ml of 1 .68 M of n-butyllithium in hexane solution was added to 1 ml of THF having 130 mg of 3,6-dimeth- 
ylxanthene, followed by stirring for 2 hours at room temperature. Dry ice was added to the reaction solution, and the 
temperature was raised to room temperature. The reaction solution was acidified with 1N hydrochloric acid, extracted 
with ethyl acetate, and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, 
35 the obtained residue was purified by preparative thin layer chromatography (Kieselgel™60F 2 54, Art5744 produced by 
Merck Co.: chloroform/methanol = 15/2), and 46 mg of the title compound as a colorless solid was obtained. 

Step 3. Synthesis of N-H ^cvdooctvimethvnpiperidin'4-vn"3.6-dimethylxanthene-9-carboxamide 

40 [0171 ] The title compound was synthesized by using 3,6-dimethyixanthene-9-carboxylic acid instead of xanthene-9- 
carboxylic acid in Step 1 of Example 1 . 

Step 4. Synthesis of 1-cyclooctvlmethvl-1-methvl-4-(3.6<jimethvlxanthene-9-carboxamido)piperidinium iodide 

45 [0172] The title compound was synthesized in the same manner as in Example 11 by using N-[1-(cyclooctyime- 
thyl)piperidin-4-yQ-3,6-dimethylxanthene-9-carboxamide. 

[0173] 1 H-NMR((CD 3 )SO, 5ppm): 1.09-2. 32(1 9H, m), 2.26(6H, s), 3.0 3(3H, s), 3.10-3.59(6H, m), 3.65-3.87(1 H ( m), 
4.80 &4,81(1H. s), 6.94-7.15(6H, m), 8.37 & 8.43(1H, d, J=7.3Hz) 
FAB-MS (m/e. as (C 31 H430 2 N2l-i) + ):475 

50 • ; 

EXAMPLE 35 

Synthesis of 1-cvclooctvlmethvl-1-methyl-4-(3-methvlxanthene-9-carboxamido^piperidinium iodide 
55 Step 1 , Synthesis of 3-methvixanthene-9-carboxylic acid 

[0174] The title compound was synthesized in the same manner as in Steps 1 and 2 of Example 34. 



25 



BNSDOCID: <EP 091 6668A1J_> 



EP 0 916 668 A1 

Step 2. Synthesis of N-f 1 -(c vclooctvlmethv i )D iDeridin>4>vn-3-methv(xanihenfi.q-carboxamirift 

[0175] The title compound was synthesized by using 3-methylxanthene-9-carboxylic acid instead of xanthene-9-car- 
boxylic acid in Step 1 of Example 1. 

5 

Ste P 3- Synthesis of 1-cyclooctylmet hyl-1 -methyl -4^^ ?ryiHQ 

[01 76] The title compound was obtained in the same manner as in Example 1 1 by using N-[1 -(cyclooctylrnethyl)pip- 
eridin-4-yl]-3-methylxarthene-9-carboxamide. 
w [0177] 1 H-NMR((CD 3 ) 2 SO, 6ppm):1. 20-2.00(1 9H, m), 2.29(3H, s), 3. 02(3H, s), 3.17-3.52(6H, m), 3.65-3 82(1H m) 
4.85(1 H, s), 6.89-7.30(7H, m), 8.36 & 8.44(1 H ( d, J=7.3Hz) ' 
FAB-MS (m/e, as (C 3 oH 41 02N2l-l) + ):461 

EXAMPLE 36 

Synthesis of 1-cyclppctYlmetfrYH^ iodide 
Step 1 . Synthesis of 3-methoxvxanthene- 9-carboxvlic acid 
20 [0178] The title compound was synthesized in the same manner as in Steps 1 and 2 of Example 34. 
Ste P 2 - Synthesis of N-M -fcvclooctvlmethvhpi peridin-4-vl1-3-methoxvxanthene-9-carboyamirift 

[01 79] The title compound was synthesized by using 3-methoxyxanthene-9-carboxy!ic acid instead of xanth ene-9-car- 
25 boxylic acid in Step 1 of Example 1 . 

Ste P 3. Synthesis of 1-cyclooctylmethYl-1-methvl-4-r3-metho x vxanthene-9-carboxamido)piDeridinium iodide 

[0180] The title compound was synthesized in the same manner as in Example 11 by using N-[1-(cyclooctylme- 
30 thyl)piperidin-4-yi]-3-methoxyxanthene-9-carboxamide. 

[0181] 1 H-NMR((CD 3 ) 2 SO, 6ppm):1. 20-2.1 8(1 9H, m), 3.01(3H, s), 3. 18-3.50.(6H, m), 3.76(3H, s) ( 3.52-3.S2(1H, m) 
4.82(1 H, s), 6.67-7.32(7H, m), 8.33 & 8.41 (1 H, d, J=7.3Hz) 
FAB-MS. (m/e, as (C 3 oH 41 0 3 N 2 l-!) + ):477 

35 EXAMPLE 37 

Synthesis of 1 -cyclooctylmethyl- 1 -methyl-4-f2, 6-dime1hoxvxanthene-9-carfaoxamido) D i De ridinium ioriidp 
Step 1. Synthesis of 2,6-dimethoxvxan thene-9-carboxvlic acid 

40 

[0182] The title compound was obtained in the same manner as in Steps 1 and 2 of Example 34. 

Ste P 2. Synthesis of N-f1 -( cyclooctylmethynp i p er i din-4-vn-2.6-dimethoxvxanthene-9-carboxamidft 

45 [0183] The title compound was synthesized by using 2,6-dimethoxyxanthene-9-carboxylic acid instead of xanthene- 
9-carboxylic acid in Step 1 of Example 1 . 

Ste P 3 * Synthesis of 1 -cycloocWImethyH ^ iod| - de 

so [0184] The title compound was synthesized in the same manner as in Example 11 by using N-[1-(cyclooctylme- 
thyl)plperidin-4-yl]-2,6-dimethoxyxanthene-9-carboxamide. 

[0185] 1 H-NMR((CD 3 ) 2 SO, 5ppm):1.21-1.99(19H, m), 3.01(3H, s), 3. 19-3.45(6H ( m), 3.54-3.85(1 H. m), 3.73(3H, s), 
3.75(3H, s). 4.78 (1 H, s), 6.66-7.1 7(6H, m), 8.29 & 8.37(1 H, d, J=7.0Hz) 
FAB-MS (m/e as (C 31 H43O 4 N2l-l) + ):507 

55 
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EXAMPLE 38 

Synthesis of N41-(cvclooctvlmethvl)pipe^ 

s Step 1 . Synthesis of 7-bromo-9-t-butoxvcarbonv(xanthene-2-carboxvHc acid 

[0186] 20 ml of 1 .63 M of n-butyllithium in hexane solution was added to 80 ml of anhydrous THF solution having 4.33 
g of t-butyl 2.7-dibromoxanthene-9-carboxylate at a temperature of -78°C. 20 Minutes later, dry ice was added, and the 
temperature was raised to room temperature. 10% citric acid solution was added to the reaction solution, followed by 
10 extraction with ethyl acetate, and drying over anhydrous magnesium sulfate. The solvent was distilled off under reduced 
pressure, and 2.09 g of the title compound as a colorless solid was obtained. 

Step 2. Synthesis of t-butvl 2-bromo-7'methoxvcarbonvlxanthene>9-carboxvlate 

is [0187] 50 ml of hexane solution having about 10% of trimethylsilyldiazomethane was added to 20 ml of methanol solu- 
tion having 1.78 g of 7-bromo-9-t-butoxycarbonylxanthene-2-carboxyiic acid, followed by stirring for 2 hours. The sol- 
vent was distilled off under reduced pressure, the obtained residue was purified by silica gel column chromatography 
(developing solvent: hexane/ethyl acetate = 9/1 ), and 0.61 g of the title compound was obtained. 

20 Step 3 . Synthesis of 2-bromo-7-methoxvcarbonvlxanthene-9-carboxvlic acid 

[0188] 3.0 ml of trifluoroacetic acid was added to 0.61 g of t-butyl 2-bromo-7-methoxycarbonylxanthene-9-carboxy- 
late, followed by stirring for 30 minutes. Trifluoroacetic acid was distilled off under reduced pressure, and 0.50 g of the 
title compound as a colorless solid was obtained. 

25 

Step 4. Synthesis of N-M -(cvciooctv (methy|>DiDeridin-4-vl1-2-bromo-7>methoxvcarbonvlxanthene-9-carboxamide 
[0189] The title compound was synthesized in the same manner as in Example 20. 

[0190] 1 H-NMR(CDCI 3l 5ppm):1.09-1.85(19H ( m), 1.91-2.1 5(4H, m), 2.55-2.73(2H, m), 3.60-3.78(1H, m), 3.91(3H, 
30 s), 4.80(1H, s), 5.1 4{1H, d, J=7.5Hz), 7.04(1H, d, J=8.8Hz), 7.17(1H, d, J=8.7Hz), 7.42 (1H, dd, J=2.4, 8.8Hz), 
7.54(1 K d, J=2.4Hz), 8.00(1H, dd, J=2.0, 8. 7Hz), 8.07(1 H, d, J=2.0Hz), 
FAB-MS(m/e, as (C 3 oH3 7 04N 2 Br+H) + ):569, 571 

EXAMPLE 39 

35 

Synthesis of 1 - CYCloocty|methyl-1-methyl-4-(2-bromo-7-methoxvcarbonvlxanthene-9-carboxamido)Diperidinium iodide 

[0191] The title compound was synthesized in the same manner as in Example 11 by using N-[1-(cyclooctylme- 
thyl)piperidin-4-yl]-2-bromo-7-methoxycarbonylxanthene-9-carboxamide. 
40 [0192] 1 H-NMR((CD 3 ) 2 SO, 6ppm):L1 9-2.52(1 9H, m), 3.14&3.41(3H, s), 3.37(2H, d, J=4.0Hz), 3.86(3H, s), 3.50- 
4.40(5H, m), 5.35 & 5. 66(1 H, s), 6.94 & 6.89(1 H, d, J=8.7Hz), 7.05 & 7.00(1 H, d, J=8.6H z), 7.30(1 H, dd, J =2.3, 8.7Hz), 
7.61 & 7.70(1H t d, J=2.3Hz), 7.86 & 7.83(1H, dd, J=1.9, 8.6Hz), 8.00 & 8.06(1H, d, J=1.9Hz), 8.77 & 8.97(1H, d, 
J=8.4Hz) 

FAB-MS (m/e, as (C 31 H 10 O4N 2 Brl-l) + ):583 l 585 

45 

EXAMPLE 40 

Synthesis of N-M -(cvclooctvlmethvnDiDeridin-4-vl1-2-methoxvcarbonylxanthene-9-carboxamide 
so Step 1 . Synthesis of t-butvl 2-methoxvcarbonvlxanthene-9-carboxvlate 

[0193] 1 .25 g of t-butyl 2-bromo-7-methoxycarbonylxanthene-9-carboxylate was dissolved in 1 00 ml of ethyl acetate, 
500 mg of 10% palladium-carbon catalyst was added thereto, followed by catalytic reduction for 11 hours at room tem- 
perature under hydrogen atmosphere. The catalyst was removed by filtration, the filtrate was distilled off under reduced 
55 pressure, and 0.39 g of the title compound as a colorless solid was obtained. 
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Step 2. Synthesis of 2-methoxvcarbonvlxanthene-9-carboxvlif: aniri 

[0194] The title compound was synthesized in the same manner as in Step 3 of Example 38. 
Step 3. Synthesis cf N-H ■(cvdooctvlmethynpipe^ 

[0195] The title compound was synthesized in the same manner as in Example 20. 

[0196] " 1 H-NMR(CDCI 3 , 6ppm):1 .08-1. 85(1 9H. m), 1 .85-2.14(4H, m). 2.48-2.73(2H, m), 3.60-3.74(1H m) 3.91(3H 
s), 4.85(1 H, s), 5.0 8-5.20(1 H, m), 7.10-7.40(5H, m), 7.99(1 H, dd, J=2.0, 8.6Hz), 8.1 4(1 H, d, J=2.0Hz) 
FAB-MS(m/e, as (C 3 oH3 8 0 4 N2+H) + ):491 

EXAMPLE 41 

Synthesis pf 1 ■cyploocaylmethyn -methYl-4- fg-methoxycarb onylxanthe n e-9-carboxamidoVoioeridiniLjm inriiri* 

[0197] The title compound was synthesized in the same manner as in Example 11 by using N-[1-(cyclooctylme- 
thyl)piperidin-4-yl] -2-methoxycarbony!xanthene-9-carboxamide, 

[0198] 1 H-NMR(CDCI 3( 6ppm):1 .15-2.50(1 9H, m), 3.34&3.09(3H, s), 3.30(2H t d, J=3.6Hz), 3.49«3.91(4H, m), 
3.86(3H. s), 4.09-4.30(1 H, m), 5.27&5.55(1H, s), 6.90-7.35(4H, m), 7.50-7.65(1 H, m), 7.8 8 & 8.86(1 H, dd, J=2.0, 
8.6Hz), 7.98 & 8.02(1 H, d, J=2.0Hz), 8.69 & 8.89(1 H, d, J=8.0Hz) 
FAB-MS (rn/e f as (C 31 H 41 O4N 2 l-l) + ):505 

EXAMPLE 42 

Sy nthesis of N-ri-fcvclooctvlmethynpioeri 

Step 1 . Synthesis of t-butvl 2-methoxcarbonvl-7-vinvlxanthene-9-carboxvlate 

[0199] The title compound was synthesized in the same manner as in Step 1 of Example 28. 

Step 2. Synthesis of t-butvl 2-n.2-dthvdroxvethvn-7>methoxycarbonvlxanthenQ-9-carboxviate 

[0200] 1 .0 ml of 4% aqueous osmium tetraoxide solution was added to 1 .0 ml t-bufanol-5.0 ml acetone solution having 
250 mg of t-butyl 2-methoxycarbonyl-7-vinylxanthene-9-carboxylate and 140 mg of N -methyl mo rphol in e N-oxide, fol- 
lowed by stirring for 3 hours at room temperature. Aqueous sodium sulfite solution was added to the reaction solution, 
followed by stirring for 30 minutes. The reaction mixture was extracted with ethyl acetate, and dried over anhydrous, 
magnesium sulfate. The solvent was distilled off under reduced pressure, the obtained residue was purified by silica gel 
column chromatography (developing solvent: hexane/ethyl acetate = 3/7). and 162 mg of the title compound was 
obtained. 

Step 3. Synthesis of t-butvl 2-formvl-7«methoxvcarbonvlxanthene-9-carboxylate 

[02O1] 250 mg of sodium periodate was added to 5 ml ether-5 ml water-5 ml methanol suspension having 160 mg of 
t-butyl 2-(1 ,2-dihydroxyethyl)-7-methoxycarbonylxanthene-9-carboxylate, followed by stirring for 1 0 hours at room tem- 
perature. Saturated aqueous sodium chloride was added to the reaction solution, followed by extraction with ethyl ace- 
tate, and drying over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, and 1 42 mg 
of the title compound as the colorless solid was obtained. 

Step 4. Synthesis of 2>formvl-7-methoxvcarbo nvlxanthene-9-carboxvlic acid 

[0202] The title compound was synthesized in the same manner as in Step 3 of Example 38. 

Ste P 5 - Synthesis of N-f 1 ■fcvclooctvlmethvnp iDeridin-4-vn«2-formvl-7-methoxvcarbonvlxanthene-9-carboxam tde 

[0203] The title compound was synthesized in the same manner as in Example 20. 

[0204] 1 H-NMR(CDCI 3 , 5ppm):1.05-2.23(23H, m), 2.56-2.75(2H, m), 3.58-3.80(1 H, m), 3.92(3H, s), 4.90(1H, s), 
5.52(1H, d, J=7.7Hz), 7. 20(1H, d. J=8.5Hz), 7.26(1H, d, J=8.5Hz), 7.85(1H, dd, J=2.0, 8.5H z), 7.93(1H d *J=2.0Hz) 
8.01(1H,dd, J=2.1, 8.5Hz), 8.05(1 H, d, J= 2.1Hz), 9.93(1 H, s) 
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FAB-MS (m/e, as (C 31 H3 8 0 5 N 2 +H) + ):519 
EXAMPLE 43 

Synthesis qf 1 ^yclpoctyl methyl - 1 -methyl-4-(2^ iodide 

[0205] The title compound was synthesized in the same manner as in Example 11 by using N-[1-(cyciooctylme- 
thyl)piperidin-4-y0-2-formyl-7-methoxycarbonylxanthene-9-carboxamide. 

[0206] 1 H-NMR(CDCI 3l 8ppm):1 .30-2.55(1 9H, m), 3.15&3.50(3H, s), 3.30-4.50(7H, m), 3.88(3H, s), 5.52 & 5.82(1H, 
s), 7.09 & 7.14(1 H, d, J=8.6Hz), 7.14 & 7.20(1 H, d, J=8.6Hz), 7.74 & 7.77(1 H, dd. J =1.7, 8.6Hz), 7.89 & 7.92(1 H, dd, 
J-1.7. "8.6Hz), 8.05 & 8.10(1 H, d. J»1.7Hz), 8.16 & 8.21(1 H, d, J=1.7Hz). 8.86 & 9.08(1 H, d, J=8. 6Hz), 9.90 & 9.91(1H. 
s) 

FAB-MS (m/e, as (C 32 H 41 0 5 N 2 l-l) + ):533 
EXAMPLE 44 

Synthesis of N-f1-(cvclooctylmethvnpiperidin-4-vl1-2.7-bisfmethoxvcarbonyhxanthene-9-carboxamide 
Step 1 . Synthesis of 9-t-butoxvcarbonvl-7-methoxvcarbonv{xanthene>2-carboxvlic acid 

[0207] 41 mg of sodium chlorite was added to 1 .0 ml water-2.0 ml t-butanol solution having 1 40 mg of t-butyl 2-formyI- 
7-methoxycarbonylxanthene-9-carboxylate t 0.05 ml of 2-methyl-2-butene and 21 mg of sodium dihydrogen phosphate, 
followed by stirring for 2 hours at room temperature. The reaction solution was acidified with 1 N hydrochloric acid, fol- 
lowed by extraction with ethyl acetate and drying over anhydrous magnesium sulfate. The solvent was distilled off under 
reduced pressure, and 52 mg of the title compound as a colorless solid was obtained. 

Step 2. Synthesis of t-butvl 2.7-bisfmethoxvcarbonvnxanthene-9-carboxvlate 

[0208] The title compound was synthesized in the same manner as in Step 2 of Example 38. 

Step.3. Synthesis of 2.7-bis(methoxvcarbonvnxanthene-9-carboxvlic acid 

[0209] The title compound was synthesized in the same manner as in Step 3 of Example 38. 

Step 4 Synthesis of N-fHcyclo pcty i methvl)p i pe 

[021 0] The title compound was synthesized in the same manner as in Example 20. 

[0211] 1 H-NMR(CDCI 3 , 5ppm):1. 09-1. 88(1 9H, m), 1.88-2.12(4H, m), 2.52-2.75(2H, m), 3.60-3.75(1H m), 3.92(6H 
s), 4.86(1 H, s), 5.1 0-5.1 8(1 H, m), 7.20(2H. d, J=8.6Hz), 8.02(2H, dd, J=2.0, 8.6Hz), 8. 10(2H, d, J=2 0Hz) 
FAB-MS(m/e, as (C 3 2H 4 0O 6 N 2 +H) + ):549 

EXAMPLE 45 

Synthesis of 1 -cyclo octylmethyl-1 -methvl -4-f2 , 7"bis f methoxvcarbonvnxanthene-9-carboxamido)Diperidinium iodide 

[0212] The title compound was synthesized in the same manner as in Example 11 by using N-[1-(cyclooctylme- 

thyl)piperidin-4-y0-2,7-bis(methoxycarbonyi)xanthene-9-carboxamide. * 

[0213] 1 H-NMR(CDCI 3l 5ppm):1. 40-2.55(1 9H, m), 3.15 & 3.47(3H, s), 3.38 & 3.77(2H, d, J=4:0Hz), 3.52-4.52(5H, m) 

3.86(6H, s), 5. 46 & 5.75(1 H, s), 7.02 & 7.09(2H, d, J=8.6Hz), 7.84&7.89(2H, dd, J=2.0, 8.6Hz), 8.09 & 8.15(2H t d 

J=2.0Hz), 8.82 & 9.05(1 H, d, J =8.2Hz) 

FAB-MS(m/e, as (C 33 H 43 0 6 N 2 l-l) + ):563 
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EXAMPLE 46 

Synthesis of 1-cvclooctvl methyl- 1-m6thvl-4- : '?- bromo iodide 
Step 1. Synthesis of t-butvl 2-bromo-7 -cait>amovlxanthene-9-carboxvlate 

[021 4] 2.0 ml of N.N-dimethylformamide solution having 290 mg of 7-bromo-9-t-butoxycarbonylxanthene-2-carboxylic 
acid, 75 mg of ammonium chloride, 200 mg of EDCI • HCI, 145 mg of 1 -hydroxybenzotriazole and 0.20 ml of triethyl- 
amine, was stirred for 12 hours at room temperature. 10% aqueous citric acid solution was added to the reaction solu- 
tion, followed by extraction with ethyl acetate. The organic layer was washed with, saturated aqueous sodium 
bicarbonate and water, and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pres- 
sure, and 289 mg of the title compound as a colorless solid was obtained. 

Step 2. Synthesis of 2-bromo-7-carbamovlxanthene-9-carboxvlin arid 

[021 5] The title compound was synthesized in the same manner as in Step 3 of Example 38. 

Step 3. Synthesis of N-M -(cvclooctvlmethvnpiD 9ridin>4-vl1-2-bromo-7-carbamovlxanthene-9-carboxamide 

[021 6] The title compound was synthesized in the same manner as in Example 20. 

Step 4. 3vnthegis of 1 ifiyjSlflKK^^ iodide 

[0217] The title compound was synthesized in the same manner as in Example 11 by using N-[1-(cyclooctylme- 
thyl)piperidin-4-yl]-2-bromo-7-carbamoylxanthene-9-carboxamide. 

[0218] 1 H-NMR((CD 3 ) 2 SO, 6ppm):1.10-2.20(19H, m), 3.03(3H, s), 3. 10-3.52(6H, m), 3.65-3.85(1 H, m), 4. 96(1 H, s), 
7.15(1H, d, J=8.7 Hz). 7.20(1 H, d. J=8.6Hz), 7.33(1 H, br. s), 7.49(1H, dd, J-2.4, 8.7H z), 7.54 & 7.56(1 H, d, J=2.4Hz), 
7.83(1 H, dd, J-2.3. 8.6Hz), 7.85 & 7.90(1 H, d, J=2.3Hz), 7.93(1 H, br. s), 8.48 & 8.52(1 H, d, J=7.6H z) 
FAB-MS(m/e, as (C 3 oH3 9 0 3 N3Brl-l) + ):568, 570 

EXAMPLE 47 

Synthesis of N-rWcyclooctvlmethvnpiper^ 

[021 9] 12 mg of N-[1 •(cycloodylmethyl)piperidin-4-yl]-2-formyl-7-methoxycarbonylxanthene-9-carboxamide was dis- 
solved in 1.0 ml of ethanol, 10 mg of sodium borohydride was added thereto, followed by stirring for 40 minutes at room 
temperature. Sodium sulfate decahydrate was added to the reaction solution, followed by drying over anhydrous sodium 
sulfate. The solvent was distilled off under reduced pressure, the obtained residue was purified by preparative thin layer 
chromatography (Kieselgel™60F 2 54, Art5744 produced by Merck Co.: chloroform/methanol = 95/5), and 10 mg of the 
title compound as a colorless solid was obtained. 

[0220] ""H-NMF^CDCIs, Sppm):1 .05- 1.80(1 9H, m), 1.85-2.05(4H, m), 2.50-2.69(2H, m), 3.58-3.75(1 H, m), 3.91 (3H 
s), 4.69(2H, s). 4.8 4(1H, s), 5.16(1H, d, J=8.2Hz), 7.15(1H, d, J=8.6Hz), 7.17(1H. d, J= 8.6Hz), 7.34(1 H, dd. J-2.0. 
8.6Hz), 7.39(1H, d, J=2.0Hz), 7.99(1H, dd, J-2.0, 8.6Hz), 8.10(1H, d, J=2.0Hz) 
FAB-MS(m/e, as (C 31 H 40 O 5 N2+H) + ):52.1 

EXAMPLE 48 

Synthesis of 1'Cvclooctylmethy|-1-methvl-4-r2-bromo- 7.benzvloxvcarbonvlxanthene-9 -carboxamidoloiperldin ium 
iodide 

Step 1 . Synthesis o f t-butvl 2-benzvloxvcarbonvl-7-bromoxanthene-9-carooxvlate 

[0221] 3.6 g of N.N'-diisopropyl-O-benzylisourea was added to THF solution having 2.06 g of 7-bromo-9-t-b utoxycar- 
bonylxanthene-2-carboxylic acid, followed by stirring for 1 4 hours. The solvent was distilled off under reduced pressure, 
the obtained residue was purified by silica gel column chromatography (developing solvent: hexane/ethyl acetate » 9/1 )' 
and 1 .32 g of the title compound was obtained. 
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Step 2. Synthesis of a-benzvloxvcarbonvl-7-bromoxanth ene>9-carboxviic acid 
[0222] The title compound was synthesized in the same manner as in Step 3 of Example 38. 
s Step 3. Synthesis of NK1 -(cvclooctvlmethynpjperid^ 

[0223] The title compound was synthesized in the same manner as in Example 20. 

Step 4. Synthesis of 1 -cvclooctvlmethvH 'methvl-4^2-benzvloxvcarbonvl>7-bromoxanthene-9-carboxamido)piperidin- 
io ium iodide 

[0224] The title compound was synthesized in the same manner as in Example 11 by using N-[1-(cyciooctylme- 
thyl)piperidin-4-y0-2-benzyloxycarbonyl-7-bromoxanthene-9-carboxamide 

[0225] 1 H-NMR(CDC! 3 , Sppm):1. 38-2.50(1 9H, m), 3.36 & 3.07(3H, s), 3.22-4.45(7H, m), 5.29(1 H, d, J=12.8Hz), 
15 5.33(1H, d, J=12.8Hz), 5.73 & 5.42(1H, s), 6.89 & 6.94(1H, d, J=8.6Hz), 7.02 & 7.06(1H, d, J=8.6Hz), 7.22-7.48(6H, 
m), 7.60 & 7.69(1 H, d, J=2.2Hz), 7.89 & 7.92(1 H, dd, J-1.9, 8.6Hz), 8.10 & 8.1 4(1 H, d, J*1.9Hz), 8.81 & 9.01(1 H, d, 
J=8.4Hz) 

FAB-MS (m/e, as (C 37 H4404N 2 Brl-l) + ):659, 661 
20 EXAMPLE 49 

Synthesis of 1 •cvclooctvlmethvl-l -methyl-4-f2-me1hvlcar bamovlxanthene-9-carboxamido)piperidinium iodide 
Step 1 . Synthesis of N-fl -fcvclooctvlmethvl)piperidin-4-vn-2-carboxvxanthene-9-carboxamide 

25 

[0226] 1.55 g of N-[1 -(cyc!ocrctylmethyf)piperidin-4-yl]-2-benzylox^ was 
dissofveckin 100 ml methanol-100 mi THF, 300 mg of 10% palladium-carbon catalyst was added thereto, followed by 
catalytic reduction for 8 hours at room temperature under hydrogen normal pressure. The catalyst was removed by fil- 
tration, the filtrate was distilled off under reduced pressure, and 1.10 g of the title compound as a colorless solid was 
30 obtained. j 

Step 2. Synthesis of N-f1 -(cvdooctvlmethvnpipendin>4-vlV2-methvlcarbamovlxanthene-9-carboxamidQ 

[0227] 1.5 ml of N.N-dimethylformamide solution having 40 mg of N-[1-(cyciooctylmethyl)piperidin-4-yl]-2-carboxylx- 
35 anthene-9-carboxamide, 10 mg of methylamine hydrochloride, 125 mg of EDCI • HCI, 20 mg of 1 -hydroxybenzotriazole 
and 0.1 ml of triethylamine, was stirred for 12 hours at room temperature. Saturated aqueous sodium bicarbonate was 
added to the reaction solution, followed by extraction with ethyl acetate. The organic layer was washed with water, and 
dried over anhydrous sodium sulfate. The solvent was distilled off under reduced pressure, the obtained residue was 
purified by preparative thin layer chromatography (Kieselger M 60F 254l Art5744 produced by Merck Co.: chloro- 
40 form/methanol = 95/5), and 14 mg of the title compound as a colorless solid was obtained. 

Step 3. Synthesis of 1-cvclooctvlmethvl-1-methvl-4-f2-methvlcarbamovlxanthene-9-carboxamido)DiDeridinium iodide 

[0228] The title compound was synthesized in the same manner as in Example 11 by using N-[1-(cyclooctylme- 
45 thyl)piperidin-4-y0-2-methylcarbamoylxanthene-9-carboxamide. 

[0229] 1 H-NMR(CDCI 3 , 8ppm):1. 20-2.65(1 9H, m), 2.88-4.03(13H, m), 4.10-4.30(1 H, m), 5.13 & 5.31(1H, s), 7.01- 
8.58(8H, m) 

FAB-MS (m/e, as (C 31 H 42 O 3 N 3 l-ir):504 
50 EXAMPLE 50 

Synthesis of 1 -cvclooctvlmethvl-1-methvl-4-r 2-dimethvlcarbamovlxanlhene-9-carboxamidolpioeridinium iodide 

[0230] The title compound was synthesized in the same manner as in Example 49 by using THF solution having 
55 dimethylamine. 

[0231] 1 H-NMR(CDCI 3 , 5ppm):1 .05-2.43(1 9H, m), 2.97 & 3.21(3H, s), 3.19(6H, s), 3.35-4.28(7H, m), 5.27 & 5.59(1 H, 
s), 7.05-7.68 (7H, m), 8.61 & 8.86(1 H, d, J=8.2Hz) 
FAB-MS (m/e, as (C 32 H440 3 N 3 l-in:518 
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EXAMPLE 51 



Synthesis of 1 -cyclooctylmeth * - methyl -4-(2-ethoxvcait »onvlmethv^ 
iodic te 

[0232] The title compound > .^nner as in Example 49 by using glycine ethyl ester hydro- 

chloride. 

[0233] 1 H-NMR(CDCI 3 , 6ppm):1.10-2.40(22H, m), 2.fete j - ;0(3H, s), 2.85-4.40(1 1H. m), 5.09 & 5.31(1H, s). 7.00- 
8.65(9H, m) 

FAB-MS (m/e, as (C^H^OsN^-ir)^ 
EXAMPLE 52 

Synthesis of 1 &t&QQS3b^ iodide 

[0234] The title compound was synthesized in the same manner as in Example 49 by using phenethylamine. 
[0235] 1 H-NMR(CDCI 3l 5ppm):1-.1 8-2.60(1 9H, m), 2.93 &3.23(3H ( s), 3:02(2H, t. J=7.6Hz), 2.90-4.30(1 OH, m) 5.18 
& 5.35(1 H, s), 6. 91-7.40(10H; m), 7.80(1 H, dd, J=2.2, 8.5Hz), 8.44&8.56(1H, d, J=2. 2Hz), 8.49 & 8.67(1 H, d. J=8.5Hz) 
FAB-MS (m/e, as (C 38 H4 8 0 3 N 3 l-l) + ):594 

EXAMPLE 53 

Synthesis of N-f 1 -( ^cloocty|meth^)piperid in - 4> y n- 2 -benzvlcarbamo^xarrthene-9-narboyamidft 

[0236] The title compound was synthesized in the same manner as in Example 49 by using benzylamine. 

[0237] 1 H-NMR(CDCI 3( 5ppm):1.09-2.20(23H, m), 2.55-2.75(2H, m), 3.58-3.75(1H, m), 4.55-4. 72(2H, m). 4.84(1H, 

s). 5.20-5.40(1H, m), 6.41-6.58(1 H, m), 7.09-7.45(10H, m), 7.80(1 H. d, J=8.4Hz), 7. 87(1 H, s) 

FAB-MS(m/e, as (C 36 H 43 0 3 N 3 +H) + ):566 

EXAMPLE 54 

Synthesis of 1 -cvclooctvlmethvl -1 -methvi-4-(2-bBnzvlcarbamovlxanthene>9»carboxamido)oiDeridinium iodide 

[0238] The title compound was synthesized in the same manner as in Example 11 by using Nl-[1-(cyclooctylme- 
thyl)piperidin-4-y!]-2-benzylcarbamoylxanthene-9-carboxamide. 

[0239] 1 H-NMR(CDCI 3 , 5ppm):1.18-2.53(19H, m), 2.87 & 3.04(3H, s), 3.10-4.29(8H, m), 4.47-4 82(2H m) 
5.17&5.35(1H,s), 7.00-8.68(13H, m) ' 
FAB-MS (m/e, as (C^H^OaNal-iy^SSO 

EXAMPLE 55 

Synthesis of N-n -( 1 -c vclooctenvlmethvnoiDeridin-4-vn-xanthene-9-carboxamide 

[0240] The title compound was synthesized in the same manner as in Step 3 of Example 1 by using 1-cyclooctene- 
carbaldehyde. 

[0241] 1 H-NMR(CDCI 3 , Spprn):1 .03-2.85(22H, m), 3.58-3.75(1H, m), 4.84(1H, s), 5.01-5.18(1H, m), 6.35-6.48(1H, 
m), 7.10(2H, t, J=7. 6Hz), 7.13(2H, d, J=7.6Hz), 7.30(2H, t, J=7.6Hz), 7.38(2H, d, J=7.6 Hz) 
FAB-MS (m/e, as (C 28 H 3 40 2 N2+H) + ):431 

EXAMPLE 56 

Synthesis of 1-(1-CYclooctenvlmethy|V1-methvl-4-fxanthene-9-carbo x amido^p i peridinium iodide 

[0242] The title compound was synthesized in the same manner as in Example 1 1 by using N-[1 -(1 -cycloodenylme- 
thyl)piperidin-4-y!]-xanthene-9-carboxamide. 

[0243] 1 H-NMR(CDCI 3 , 6ppm):1 .30-2.49(1 6H, m), 2.90 & 3.13(3H, s), 3.31-3.68(4H, m), 3.82 & 4.18(2H s), 3.92- 
4.30(1 H, m), 5.14 & 5.42(1 H, s). 5.99 & 6.12(1 H, t, J=8.3Hz), 7.02(2H, t, J=8.3Hz), 7.04(2H, d, J=8.3Hz), 7.21(2H. t, 
J=8.3Hz), 7.42 & 7.48(2H, d, J=8. 3Hz), 8.26 & 8.52(1 H, d. J=8.3Hz) 
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FAB-MS (m/e, as (C 29 H 37 0 2 N 2 M) + ):445 
EXAMPLE 57 

5 Synthesis of 1-cvclodecvlmethvl-1 -methyl -4-(xanth ene-9-carooxamido)piperidini urn iodide 

[0244] The title compound was synthesized in the same manner as in Example 1 1 by using N-[1-(1-cyclodecylme- 
thyl)piperidin-4-yQ-xanthene-9-carboxamida 

[0245] 1 H-NMR(CDCI 3 , 6ppm):1 .10-2.48(23K m), 2.96 & 3.25(3H ( s), 3.13 & 3.55(2H, d, J=4.0Hz), 3.35-4.29(5H, m), 
TO 5.18 & 5.41 (1 H, S), 7.02(2H, t, J=8.0Hz), 7.06{2H, d. J=8.0Hz), 7.21 (2H, t, J=8.0 Hz), 7.46 & 7.50(2H, d, J=8.0Hz), 8.47 
&8.75(lH,d. J=8.6Hz) 
FAB-MS (m/e, as (C 31 H430 2 N 2 l-l) + ):475 

EXAMPLE 58 

75 

Synthesis of 1 -f 1 -cyc|oo rtenylmethyl)-1 -methv[-4-f 2 . 7 - dichloroxanthene-9-carboxamido^D?Deridinium iodide 

[0246] The title compound was synthesized in the same manner as in Example 1 1 by using N-[1 -(1 -cyclooctenylme- 
thyl)piperidin-4-yl]-2 t 7-dichloroxanthene-9-carboxamide. 
20 [0247] 1 H-NMR(CDCl3, 6ppm):1. 35-2.52(1 6H, m), 3.00 & 3.34(3H f s), 3.28-4.60(5H, m), 3.93 & 4.37(2H, s), 5.30 & 
5.66(1 H, s), 6.0 8 & 6.26(1 H, t. J=8.3Hz), 6.98 & 6.99(2H, d, J=8.6Hz), 7.17(2H, d d, J=2.3, 8.6Hz), 7.41 & 7.51 (2H, d, 
J=2.3Hz), 8.73 & 8.99(1H, d. J=8.5Hz) 
FAB-MS (m/e, as (C 29 H350 2 N 2 CI 2 M) + ):513 

25 EXAMPLE 59 

Synthesis of cis^1-(1-cvdooctenvlmethvn -1-ethvi-4-(2.7-dichloroxanthene-9-carboxamido)piDeridinium iodide and 
transM-(1-cvclooctenvlmethv^ iodide 

30 [0248] The title compound was synthesized in the same manner as in Example 26 by using N-[1 -(1 -cyclooctenylme- 
thyi)piperidin-4-yl]-2,7-dichloroxanthene-9-carboxamide. 

cis*-1 -(1 -cvciooctenvlmethvn-1 -ethvl-4-(2.7-dich(oroxanlhene-9-carboxamido)DiDeridinium iodide 

35 [0249] 1 H-NMR(CDCI 3 , 5ppm):1 .40(3H. t, J=7.3Hz), 1.25-1.67(8H, m), 1.96-2.60(8H, m), 3.55-3.86(6H. m), 3.82(2H, 
s). 4.15-4.30 (1H, m), 5.28(1 H, s). 6.07(1 H, t, J=8.2Hz), 6.96(2H, d, J=8.7Hz), 7. 16(2H, dd. J=2.4, 8.7Hz). 7.39(2H, d. 
J=2.4Hz), 8.80(1 H, d, J=7.8H z) 
FAB-MS (m/e, as (C 30 H 37 O 2 N 2 CI 2 M) + ):527 

40 tra ns*-1-f1-cyclooctenyimethvn-1-ethvl-4-r2.7-d?chloroxanthene-9-carboxamido)Diperidinium iodide 

[0250] 1 H-NMR(CDCI 3 , 8ppm):1 .35(3H, t, J=7.1Hz), 1.38-1.74(8H ( m), 1 .98-2.45(8H, m), 3.22-3.40(4H, m), 4.24(2H, 
s), 4.38-4.40 (1H, m), 4.41-4.60(2H, m), 5.69(1H, s), 6.26(1H, t, J=8.2Hz), 7.00 (2H, d, J=8.7Hz), 7.17(2H, dd, J=2.5, 
8.7Hz), 7.51 (2H, d, J=2.5Hz), 9.08(1 H, d, J=8.6Hz) 
45 FAB- MS (m/e, as (C 30 H 37 O 2 N 2 CI 2 l-l) + ):527 

EXAMPLE 60 

Synthesis of cis*-1-(1-cyclooctenvlmethvlV1>ethyl -4-(xanthene-9-carboxamido)pipehdinium iodide and trans»-1-(1- 
so cyclooctenylmethvl)-l-ethvl-4-fxanthene-9-carboxamido)piDeridinium iodide 

[0251] The title compounds were synthesized in the same manner as in Example 26 by using N-[1-(1 -cyclooctenyl- 
methyl)piperidin-4-yl]-xanthene-9-carboxamide. 

55 cis*-1-f1-cv cloortenvlmethvl^1-ethvl-4-(xarrthene-9'CarDoxamido)piperidinium iodide 

[0252] 1 H-NMR(CDCI 3 , 6ppm):1 .23(3H, t, J=7.3Hz), 1 .35-2.50(1 6H, m), 3.23-3.68(6H, m), 3.70(2H,s), 4.03-4.20(1 H, 
m), 5.11(1H, s). 5.96(1 H, t, J=8.2Hz), 7.01 (2H, t. J=7.7Hz), 7.03(2H, d, J=7.7Hz), 7. 20(2H, t, J=7.7Hz), 7.41 (2H, d, 
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J=7.7Hz), 8.34(1H, d, J=7.8Hz) 
FAB-MS (m/e. as (C 3 oH 39 02N 2 M) + ):459 



lansllia^^^ iodide 

[0253] 1 H-NMR(CDCI 3 , 6ppm):1.24(3H, t, J=7.1Hz), 1 .35-2.41 (16H, m), 3.15-3.35(4H, m), 3.95-4 15(2H m) 
4.08(2H, s), 4.15-4.32 (1H, m), 5.44(1 H, s), 6.15(1 H. t, J=8.2Hz), 7.01(2H, t, J=7.6Hz), 7. 05(2H, d, J=7 6Hz) 7 20(2H 
t,J=7.6Hz),7.49(2H, d. J=7.6Hz), 8.7 5(1 H. d. J=8.6Hz) ' 
FAB-MS(m/e, as (C 30 H3 g O2N 2 l-l) + ):459 



EXAMPLE 61 

Synthesis of N-H -( 1 •cvclononenvlmethvnDipe ridin-4-vn-xanthene-9-carfaoxamidQ 
15 Step 1. Synthesis of cvclononanone p-toluenesulfonvlhvdrazone 

[0254] 0.5 ml of hydrochloric acid was added to 20 ml of methanol suspension having 2.29 g of cyclononanone and 
3.0 g of p-toluenesulfonylhydrazide, followed by stirring for 16 hours at room temperature. The precipitated solid was 
obtained by filtration, and 3.0 g of the title compound as a colorless solid was obtained. 



Step 2. Synthesis of 1-cvclonone ne-1-carbaldehvde 



[0255] 37 ml of 1 .6 M of n -butyl! it hi urn in hexane solution was added to 45 ml of N.N.N'.N'-tetramethylethylenediamine 
suspension having 4.5 g of cyclononanone p-toluenesulfonylhydrazone at a temperature of -78°C, followed by stirring 

25 for 30 minutes at room temperature. 5:7 ml of N.N-dimethylformamide was added to the reaction solution, followed by 
stirring for 1 hour at room temperature. Water was added to the reaction solution, followed by extraction with ethyl ace- 
tate. The organic layer was washed with 2N aqueous hydrochloric acid solution and saturated aqueous sodium chlo- 
ride, and dried over anhydrous magnesium sulfate. The solvent was distilled off under reduced pressure, the obtained 
residue was purified by silica gel column chromatography (developing solvent: hexane/ethyl acetate m 19/1), and 1.43 

30 g of the title compound as a yellow oil was obtained. 

Ste P 3. Synthesis of N-H -(1 -cvclononenvlmethvl^DiDeridin-4>vn-xanthene-9-carboxam»de 

[0256] The title compound was synthesized in the same manner as in Step 3 of Example 1 by using 1 -cyclononene- 
35 carbaldehyde. 

[0257] 1 H-NMR(CDCI 3 , 6ppm):1.00-2.68(22H. m), 2.74(2H, br. s), 3. 59-3.75(1H, m), 4.84(1H s) 5 11(1H d 
J=7.8Hz), 5.36(1H, t, J=8. 4Hz), 7.10(2H, t, J=7.6Hz), 7.13(2H, d, J=7.6Hz), 7.30(2H, t. J=7.6 Hz), 7.38(2H d. J=7 6Hz) 
FAB-MS(m/e, as (C 2 9H 36 0 2 N 2 +H) + ):445 

40 EXAMPLE 62 

Synthesis of cisM-fl-cyclooctenvlme^ bromide and 

trans'-t -f 1 -cyclooctenylmethvIM -ethvl-4-^2.7-dic hloroxanthene-9-carboxamid o)piDeridinium hmmHa 

45 [0258] The title compounds were synthesized in the same manner as in Example 26 by using ethyl bromide. 

cis*-1-{l-c Y clQO(3envlme^ hrnmiri* 

[0259] 1 H.NMR(CDCI 3 ,5ppm):1.42(3H,t,J=7.2Hz), 1.20-1. 75(8 K m), 1 .97-2.45(8H, m), 3.45-3.95(6H m) 3 83(2H 
s), 4.10-4.25 (1H, m), 5.33(1 H, s), 6.05(1 H, t, J=8.2Hz), 6.97(2H, d, J=8.6Hz), 7. 15(2H ( dd, J=2.4, 8.6Hz) 7-43(2H d' 
J=2.4Hz) ( 9.47(1 H, d, J=7.3Hz) 
FAB-MS(m/e, as (C 30 H 3 7O 2 N 2 CI 2 Br-Br) + ):527 

trans*-1-(1-cyclooctenvlmethylV1-ethvl-4-f2.7 -dichloroxanthene-9>carboxamido)piDeridinium bromide 

[0260] 1 H-NMR(CDCI 3 , 6ppm):1.34(3H,t, J=7.1Hz), 1 .29-2.50(1 6H, m), 3.20-4. 75(7H, m), 4.23(2H s) 5 S4(1H s) 
6.26(1H, t, J=8.2H z), 6.99(2H, d, J=8.7Hz), 7.16(2H. dd, J=2.4, 8.7Hz), 7.54(2H, d, J= 2.4Hz), 9.75(1H, d J-9.2Hz) ' 
FAB-MS (m/e, as (C 30 H 37 O 2 N 2 CI 2 Bi-Br) + ):527 
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EXAMPLE 63 

Synthesis of cisM-n-cvclononenvlmethyn-1-ethvl-4-(xanthene-9-cafo^ iodide and trans*-1-(1- 

qyclQnQneny|rTiethy|)-1-e^ jQ<flcte 

5 

[0261] The title compounds were synthesized in the same manner as in Example 26 by using N-[1-(1-cyclononenyl- 
methyl)piperidin-4-yfl-xanthene-9-carboxamide. 

cis^1-n-cvclononenylmethvl)-1-ethvl>4-fxar rthene-9-carboxamido)Dioeridinium iodide 

10 

[0262] 1 H-NMR(CDCI 3 , 6ppm):1 .28(3H, t, J=7.1Hz), 1.32-1.66(10H, m), 1.82-2.56(8H, m), 3.37-3.72(6H, m), 
3.70(2H, s), 4.05-4.21 (1H, m), 5.1 2(1 H, s), 5.89(1 H, t, J=8.7Hz), 7.03(2H, t, J=7.6Hz), 7. 04(2H, d, J=7.6Hz), 7.21 (2H, 
t, J=7.6Hz), 7.43(2H, d, J=7.6Hz), 8.2 4(1 H, d, J=8.4Hz) 
FAB-MS (m/e, as (C 31 H 41 0 2 N 2 l-l) + ):473 

15 

tran$*-1-(1-cyclononenvlmethvn-1-ethvl-4-fxanthene-9-carboxamidolDiperidinium iodide 

[0263] 1 H-NMR(CDCI 3 , 6ppm):1 .27(3H, t, J=6.9Hz), 1.32-1.70(10H, m), 1.88-2.39(8H, m), 3.15-3.35(4H, m), 
4.11(2H, s), 4.06-4.32 (3H, m), 5.48(1 H, s). 6.1 1(1 H, t, J=8.7Hz), 7.02(2H, t, J=7.6Hz), 7. 06(2H, d, J=7.6Hz), 7.21 (2H, 
20 t, J=s7.6Hz), 7.51 (2H. d, J=7.6Hz), 8.7 3(1 H, d, J=8.6Hz) 
FAB-MS (m/e, as (C 31 H 41 0 2 N 2 l-l) + ):473 

EXAMPLE 64 

25 Synthesis of 1 -n-cvdononenvimethvn-l-methvl^-fxanthene-g-carboxamido^piperidinium iodide 

[0264] Th&rtitle compound was synthesized in the same manner as in Example 1 1 by using N-[1 -(1 -cyclononenylme- 
thyl)piperidin?4~yI]-xanthene-9-carboxamide. 

[0265] 1 H-NMR(CDCI 3 , 8ppm):0.80-2.50(18H, m), 2.92 & 3.18(3H, s), 3.28-4.32(7H, m), 5.16 & 5.47(1 K s), 5.91 & 
30 6.08(1 H, t, J=8. 6Hz), 6.94-7.34(6H, m), 7.44 & 7.51 (2H, d, J=7.7Hz), 8.18 & 8.5 5(1 H, d, J-8.5Hz) 
FAB-MS (m/e, as (C 30 H 39 O 2 N 2 l-l) + ):459 

EXAMPLE 65 

35 Synthesis of N41-fcvclooctvimethvnpiperidin-4-vn-2-f3-pvridvImethvncarbamovixanthene-9-carboxamida 
[0266] The title compound was synthesized in the same manner as in Example 49. 

[0267] 1 H-NMR(CDCI 3 , 5ppm):1 .09-2.25(23H, m), 2.60-2.80(2H, m), 3.58-3.75(1 H, m), 4.66(2H, d, J=5.9Hz), 
4.85(1H, s), 5.33-5.51(1 H, m), 6.72-6.84(1 H, m), 7.10-7.40(6H, m), 7.73(1H, d, J=7.9Hz), 7.82(1H, dd, J=2.0, 8.6Hz), 
40 7.93(1 H, d, J=2.0Hz), 8.53(1 H, d, J=4.8 Hz), 8.64(1 H, s) 
FAB-MS (m/e, as (C 35 H4 9 0 3 N 4 +H) + ):567 

EXAMPLE 66 

45 Synthesis of 1 -cyclooctvfmethvn -methyl 
iniurri diiQcjide 

[0268] The title compound was synthesized in the same manner as in Example 49. 

[0269] 1 H-NMR(CD 3 OD, 5ppm):1 .40-2.25(1 9H, m), 3.10 & 3.15(3H, s), 3.05-4.02(7H, m), 4.42(3H, s) . 4.58(2H, s), 
so 5.05 & 5.13(1H, s), 7.08-7.42(5H, m), 7.82-8.12(3H, m), 8.58(1H, d, J=8.2Hz), 8.81(1 H, d, J=5.9Hz), 8.97(1H, s) 
FAB-MS (m/e. as (C 31 H4a0 3 N 4 l 2 -l) + ):723 

EXAMPLE 67 

55 Synthesis of N-ri-(cvclooctvlmethvnpiperidm^ 

[0270] The title compound was synthesized in the same manner as in Example 49. 

[0271] 1 H-NMR(CDCI 3 , 6ppm):1.10-2.25(23H t m), 2.60-2.82(2H, m), 3.58-3.75(1H, m), 4.57-4.73(2H, rn), 4.86(1 H, 
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s), 5.31-5.53(1H, m), 6.75-6.90(1 H, m), 7.10-7.40(7H, m), 7.83(1 H, dd. J=2.2, 8.5Hz), 7.94(1 H, d, J=2.2Hz) 8: 
d, J=6.1Hz) 

FAB-MS (m/e, as (C 35 H420 3 N 4 +H) + ):567 
EXAMPLE 68 



Synthesis of I^YdoortvlmethvH-me^^ 
jniym (Jiiociide 

[0272] The title compound was synthesized in the same manner as in Example 49. 

[0273] 1 H-NMR(CD 3 OD, 8ppm):1 .45-2, 24(1 9H, m), 3.10 & 3.14(3H, s), 3.15-4.02(7H, m). 4.37(3H, s), 4.58(2H, s), 
5.05 &5.13(1H f s), 7.09-7.42(5H, m), 7.86-8.10(4H, m), 8.79-8.85(2H, m) 
FAB-MS (nVe, as (C 37 H4 8 03N 4 l 2 -l) 4 -):723 

EXAMPLE 69 

Synthesis of 1 -cvclooctvimethvl-1 ■methvl-4-(2-benzvloxvcarbonvlxanthene-9-carboxamido)DiDeridinium iodide 
[0274] The title compound was synthesized in the same manner as in Example 49. 

[0275] 1 H-NMR(CDCI 3( 8ppm):1 .20-2.50(19H, m), 3.02 & 3.31(3H, s), 3.15-4.33(7H, m). 5.32(2H, s), 5.32 & 5.61(1H, 
S), 6.99-7.67 (T0H, m), 7.91 & 7.94(1 H, dd, J=2.0, 8.6Hz). 8.06 & 8.09(1 H, d, J =2.0Hz), 8.59 & 8.81(1 H, d, J=8.9Hz) 
FAB-MS(m/e, as (C 3 7H4504N 2 I-I) + ):581 

EXAMPLE 70 

Synthesis of N-f1 -( 1 -cyclononenYlmethvnpipendin-4-vn-2-methoxvc a rbonvlxanthene-9-carboxam»de 
[0276] The title compound was synthesized in the same manner as in Example 20. 

[0277] 1 H-NMR(CDCI 3 , 5ppm) : 1.1 0-2.1 5(20 H, m), 2.48-2.53(2H, m), 2.71(2H, s), 3.59-3.75(1 H, m), 3.91(3H, s),. 
4.85(1H, s), 5.1 1(1 H, d, J=8.1Hz), 5.35(1H, t, J=8.5Hz), 7.10-7.19(2H, m), 7.13(1H, d, J=8. 5Hz), 7.29-7.4-0(2H, m), 
7.99(1 H, dd, J=2.0, 8.5Hz), 8.14(1 H, d, J= 2.0Hz) 
FAB-MS (m/e, as (C 31 H 38 O 4 N 2 +H) + ):503 

EXAMPLE 71 

Synthesis of N-f 1 -( 1 -cvdononenvlmethvnDiDeridi n-4-vn-2-benzvlcarbamovlxanthene-9-carboxamide 
[0278] The title compound was synthesized in the same manner as in Example 49. 

[0279] 1 H-NMR(CDCI 3 , 5ppm):1 .10-2.20(20H, m), 2.50-2.56(2H, m), 2.73(2H ( s), 3.55-3.74(1 H, m), 4.31(1 H, dd, 
J=5.6, 14.4Hz), 4.67(1 H, dd, J=5.6, 14.4Hz), 4.83(1 H, s), 5.16(1H, d, J=7.8Hz), 5.36(1H, t, J=8.5Hz), 6 .48(1 H, t, 
J=5.6Hz), 7.10-7.21(3H. m), 7.24-7.41(7H, m), 7.81(1H, dd, J=2.1, 8.6Hz), 7.86(1 H, d. J=2.1Hz) 
FAB-MS (m/e, as (C 37 H 43 0 3 N 3 +H) + ):578 

EXAMPLE 72 

Synthesis pf Nj3 -( 1 ig^lmoQaa^^ 

[0280] The title compound was synthesized in the same manner as in Example 49. 

[0281] 1 H-NMR(CDCI 3 , 6ppm): 1.1 9-2.22(20 H, m), 2.58-2.74(2H, m), 2.77(2H, s), 3.55-3.74(1H, m), 4.58(1H, dd, 
J=5.8, 14.7Hz), 4.63(1 H, dd, J=5.8, 14.7Hz), 4.82(1 H, s), 5.38(1H, t, J=8.4Hz), 5.60-5.85 (1H, m), 7.05-7.4- 1(7H, m), 
7-70(1 H, ddd, J=1.6, 2.2, 7.9Hz), 7.76 (1H, dd, J=2.1, 8.5Hz), 7.90(1 H, d, J=2.1Hz), 8.50(1 H, dd, J=1.6, 4. 8Hz), 
8.59(1 H,d,J=2.2Hz) 

FAB-MS (m/e, as (C 36 H 42 0 3 N 4 +H) + ): 579 



<EP 091 6668A1 _L> 



36 



EP 0 916 668 A1 

EXAMPLE 73 



Synthesis of N-M d 1 <^clononenv)methvnDiD eridin-4-vn-2-(2^^ 

5 [0282] The title compound was synthesized in the same manner as in Example 49. 

[0283] 1 H-NMR(CDCI 3 . 6ppm):1.1 6-2.21 (20H, m), 2.50-2.69(2H, m), 2.75(2H, s), 3.58-3.75(1 H. m), 4.68-4.82(2H, 
m). 4.88(1 H, s). 5.2 3(1 H. d. J=8.4Hz). 5.37(1 H. t. J=8.4Hz), 7.09-7. 75(9H, m), 7.87(1 H, dd. J-2.0, 8.6Hz), 7.95(1 H, d, 
J=2.0Hz), 8.58(1 H, dd, J=0.9, 5.0 Hz) 
FAB-MS (m/e, as (CaeH^Oa^+H) 4 ): 579 

w 

INDUSTRIAL APPLICABILITY 



[0284] The compounds of the present invention have antagonism against chemokine receptors, and thus useful as 
treating agents for various diseases relating to chemokines, such as acute inflammatory diseases, chronic inf lamma- 
15 tory diseases, acquired immune deficiency syndrome, cancer, ischemic reflow disorder and/or arteriosclerosis. 

Claims 

1 . A compound of the general formula: 

20 



25 



30 




I) 



wherein each of R 1 and R 2 which may be the same or different, is a hydrogen atom, a halogen atom, a lower alky! 
group, a lower alkenyl group, a lower alkynyl group, a hydroxy lower alkyl group, a lower alkoxy group, a lower alkox- 
ycarbonyl group, an aralkyloxycarbonyl group, a formyl group, a carbamoyl group, a lower alkylarninocarbonyl 
group, adi-lower alkylarninocarbonyl group, a lower alkoxycarbonyt(lower)alkylaminocarbonyl group, an aralkyloxy- 

35 carbonyl(lower)alkylaminocarbonyl group, an aralkylaminocarbonyl group, diaralkylarninocarbonyl group or a het- 
eroaryl(lower)alkylaminocarbonyl group (wherein a heteroaryl group of the said 
heteroaryl(lower)alkylaminocarbonyl group contains one to three hetero atoms selected from the group consisting 
of an oxygen atom, a nitrogen atom and a sulfur atom, and when it contains at least one nitrogen atom, it may form 
a quaternary salt with a lower alkyl group or a lower alkenyl group), X is an oxygen atom, a sulfur atom or CH, Y is 

<o CH or a nitrogen atom, A is a group of the formula: 



_/ (CH ^\ Mow, 2 



45 X (CHz)y or (C , H:) ' L (CH,), 




so wherein each of m and n is from 1 to 3, m+n is from 3 to 5, p is from 1 to 3, each of r, s and t which may be the 
same or different, is from 0 to 3, r+s+t is from 2 to 3, and Z is a group of the formula: 
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y 



or 



\ V R4 

N 



wherein R 3 is a C 5 . 15 saturated or unsaturated aliphatic hydrocarbon group, R 4 is a lower alkyl group or a lower 
w alkenyl group, and Q" is an anion, a pharmaceutical^ acceptable salt thereof, a pharmaceutical^ acceptable anion- 
exchange product thereof or a hydrate thereof. 

2. A compound as defined in Claim 1 , wherein each of m and n is 2, a pharmaceutical^ acceptable salt thereof, a 
pharmaceutical^ acceptable anion-exchange product thereof or a hydrate thereof. 

15 

3. A compound as defined in Claim 1 , wherein R 3 is a cyclooctylmethyl group, a cyclononylmethyl group, a 1 -decalyl- 
methyl group, a 2-decalylmethyl group, a (1 -cyclooctenyl) methyl group or a (1 -cyclononenyl) methyl group, a phar- 
maceutical^ acceptable salt thereof, a pharmaceutical^ acceptable anion-exchange product thereof or a hydrate 
thereof. 

20 

4. A compound as defined in Claim 1, wherein R 4 is a methyl group, an ethyl group, a propyl group or an allyl group, 
a pharmaceutical^ acceptable salt thereof, a pharmaceutical^ acceptable anion-exchange product thereof or a 
hydrate thereof . 

25 5. A compound as defined in Claim 1 , wherein X is an oxygen atom or a sulfur atom, a pharmaceutical^ acceptable 
salt thereof, a pharmaceutical ly acceptable anion-exchange product thereof or a hydrate thereof. 

6. A compound as defined in Claim 1, wherein Y is CH, a pharmaceutical^ acceptable salt thereof, a pharmaceuti- 
cally acceptable anion-exchange product thereof or a hydrate thereof. 

30 

7. A compound as defined in Claim 1, which is N-[1-(cyclooctylmethyl)piperidin-4-yl]xanthene-9-carboxamide, N-[1- 
(cyclooctylethyl)piperidin-4-yl]xanthene-9-carboxamide, N-[1-(cyclooctylpropyl)piperidin-4-yl]xanthene-9-carboxa- 
mide, N-[1 -(cyclononylmethyl)piperidin-4-yl]xanthene-9-carboxamide, N-[1 -(cyclohexylme1hyl)piperidin-4-yl]xan- 
thene-9-carboxamide, N-[(2-decalylmethylpiperidin-4-yl)]xanthene-9-carboxamide, N-(1-hexylpiperidin-4- 

35 yl)xanthene-9-carboxamide. N-[9-(cyclooctylmethyl)-9-a2abicydo[3.3.1]nonan-3-yl]xanthene-9-carboxamide. N- 
[1-(cyclooctylmethyl)piperidin-4-yl]phenoxazine-9-carboxamide, N-[1-(cyclooctylmethyl)piperidin-4-yl]phenothi- 
azine-9-carboxamide, 1 -cyclooctylmethyl-1 -methyl-4-(xanthene-9-carboxamido)piperidinium, 1 -cyclooctylmethyl- 
1 -ethyl-4-(xanthene-9-carboxamido)piperidinium iodide, 1 -cyclooctylmethyl-1 -propyl-4-(xanthene-9-carboxam- 
ido)piperidinium iodide, 1-allyl-1-cyclooctylmethyl-4-(xanthene-9-carboxamido)piperidinium bromide, 1-cyclononyl- 

40 methyl-1-methyi-4-(xanthene-9-carboxamido)piperidinium iodide, 1-(1-decalylmethyl)-1-methyl-4-(xanthene-9- 
carboxamido)piperidinium iodide, 1-(2-decalylmethyl)-1-methyl-4-(xanthene-9-carboxamido)piperidinium iodide, 1- 
hexyl-1 -methyl -4-(xanthene-9-carboxamido)ptperidinium iodide, N-[1-(1-cyclohexylethyl)piperidin-4-yl]-xanthene- 
9-carboxamide iodide, N-[1 -(cyclooctylmethyl)piperidin-4-yl]-2,7-dibromoxanthene-9-carboxamide iodide, 1 - 
cyclooctylmethyl- 1 -methyl-4-(2 , 7-dibromoxanthene-9-carboxamido)piperidinium iodide. 1 -cycloocty I methyl- 1 - 

45 butyl-4-(xanthene-9-carboxamido)piperidinium iodide, 1 -(1 -adamantylmethyl)- 1 -methyl-4-(xanthene-9-carboxam- 
ido)piperidinium iodide, 1-cyciooctyiethyl-1-methyl-4-{xanthene-9-carboxamido)piperidinium iodide, cis-1 -cyclooc- 
tylmethyl-1 -ethyl-4-(2,7-dibromoxanthene-9-carboxamido)piperidinium iodide, trans-1 -cyclooctylmethyl- 1-ethyl-4- 
(2,7-dibromoxanthene-9-carboxamido)piperidinium iodide, 1 -cyclooctylmethyl-1 -propyl-4-(2,7-dibromoxa nthene-9- 
carboxamido)piperidinium iodide, 1 -cyclooctylmethyl-1 -methyl-4-(2,7-divinylxanthene-9-carboxamido)piperidinium 

so iodide, 1 -cyclooctylmethyl-1 -methyl-4-(2-bromoxanthene-9- carboxamido)piperidinium iodide, 1-cyclooctylmethyl- 
1-methyl-4-(2,7-diethylxanthene-9-carboxamido)piperidinium iodide, 1 -cyclooctylmethyl-1 -methyl-4-{2,7-cilchlorox- 
anthene-9-carboxamidojpiperidinium iodide, 1 -cyclooctylmethyl-1 -methyl-4-(thioxanthene-9-carboxamido)piperid- 
inium iodide, 1 -cyclooctylmethyl-1 •methyl-4-(2,7-dimethylxanthene-9-carboxamido)piperidinium iodide, 1- 
cyclooctylmethyl-1-methyl-4-(3,6-dimethylxanthene-9-carboxamido)piperidinium iodide, 1 -cyclooctyl rnethyl-1 - 

55 methyl-4-(3-methylxanthene-9-carboxamido)piperidinium iodide, 1 -cyclooctylmethyl-1 -methyl-4-(3-methoxyxan- 
thene-9-carboxamido)piperidinium iodide, 1 -cyclooctylmethyl-1 -methyl-4-(3,6-dimethoxyxanthene-9-carboxam- 
ido)piperidinium iodide, N-[1-(cyclooctylmethyl)piperidin-4-yl]-2-bromo-7-methoxycarbonyixanthene-9- 
carboxamide, 1 -cyclooctylmethyl-1 -methyl-4-(2 -bromo-7-methoxycarbonylxanthene-9-carboxamido)pip eridinium 
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iodide, N-[1 -(cyclooctylmethyOpiperid^ 1 -cyciooctyimethyl-1 - 

methyf-4-(2-methoxycartx>nylxantn^ iodide, N-[1-(cyclooctyimethyl)piperidin-4-yl]- 

2,7-bis(methoxycarbonyl)xanthene-9-carboxamide, 1-cyclooctylmethyl-1-methyi-4-t2,7-bis(methoxycarbonyl)xan- 
thene-9-carboxamido]piperidinium iodide, N-[1-(cyclooctylmethyl)piperidin-4^^ 
s thene-9-carboxamide, 1 -cycfooctylmethyl-1 -rne1hyl-4-(2-formyl-7-methoxycarbonylxanthene-9- 

carboxamido)piperidinium iodide, 1-cyclooctylmethyl-1-methyl-4-(2-^ 
ido)piperidinium iodide, N-[1-(cyciootfylmethyl)pipendin-4-yl]-2-hy^ 
boxamide, 1 -cyclooctylmethyl-1 -methyl-4-(2-bromo-7^ 

iodide, 1 -cyclooctylmethyl-1 -methyi-4-(2-methylcarbamoylxanthene-9-carboxamido)piperidinium iodide, 1 -cyclooc- 

w tylmethyl-1 -methyl-4-(2-dime%lcarbamoylxathene-9^arboxamido)piperidinium iodide, 1 -cyclooctylmethyl-1 - 
methyl-4-(2-ethoxycarbonylmethyto iodide, 1 -cyclooctylmethyl-1- 

methyl-4-(2-phenethylcarbamoylxathene-9-carboxamido)piperidinium iodide, N-[1-(cyclooctylrnethyi)piperidin-4- 
yl]-2-benzylcarbamoylxanthene-9-carboxamide, 1-cyclooctylmethyl-1-methyl-4-(2-ben2ylcarbamoylxathene-9-car- 
boxamido)piperidinium iodide, N-[1-(1-cyclooctenylmethyl)piperidin-4-yl]-xanthene-9-carboxamide, 1 -(1-cycloocte- 

15 nylmethyl)- 1 -methyl-4-(xanthene-9-carboxamido)piperidinium iodide, 1 -cyclodecanylmethyl-1 -methyt-4-(xanthene- 
9-carboxamido)piperidinium iodide, 1-(1-cyclooctenylmethyl)-1-methyl-4-(2,7-dichloroxanthene- 9-carboxam- 
ido)piperidinium iodide, cis-1 -(1 -cyclooctenylmethyl)-1 -ethyl-4-(2,7<iichloroxanthene-9-carboxamido)piperidinium 
iodide, trans-1-(1-cyclooctenylmethyl)-1-ethyl-4-(2J^ iodide, cis-1- 

(1-cyclooctenylmethyl)-1-ethyl-4-(xanthene-9-carboxamido)piperidinium iodide, trans- 1 -(1-cyclooctenylm ethyl)- 1- 

20 ethyl-4-(xanthene-9-carboxamido)piperidinium iodide, cis-1 -(1 -cyclononeny I methyl) -1 -ethyl-4-(xanthene-9-carbox- 
amido)piperidinium iodide, trans- 1 -(1 -cyclononeny I m ethyl) -1 -ethyl -4-(xanthene-9-carboxarnido)piperidinium 
iodide, cis-1 -(1 -cyciooct eny I methyl) -1 -ethyl -4-(2,7-dichloroxanthene-9-carboxamido)piperidinium bromide and 
trans-1-(1-cyclootfenylmethyi)-1-e^ bromide, N-[1-(1- 

cyciononenylmethyl)piperidin-4-yl]-xanthene-9-carboxamide, 1 -(1 -cydononenylmethyl)-1 -methyl-4-(xanthene-9- 

25 carboxamido)piperidinium iodide, N-[1 -(cyclooctylmethyl)piperidin-4-yl]-2-(3-pyridyImethyl)carbamoylxanthene-9- 
carboxamide, 1-cycloo<ty!methyl-1-methyl-4-(2-(3-metty^ 

ido)piperidinium diiodide, N-[1 -(cyclooctylmethyl)piperidin-4-y1]-2-(4- pyridylmethyl)carbamoylxanthene-9-carboxa- 
mide, s 1 -cyclooctylmethyl-1 -methyl -4-(2-(4-methylpyridiniummethyl)carbamoylxanthene-9- 

carboxamido)piperidinium diiodide or 1 -cyclooctylmethyl-1 -methyl -4-(2-benzyloxycarbonyixanthene-9-carboxam- 
30 ido)piperidinium iodide, a pharmaceutical^ acceptable salt thereof, a pharmaceuticaliy acceptable an ion-exchange 
product thereof or a hydrate thereof. 

8. A method for producing a compound of the general formula (I) as defined in Claim 1 , wherein a compound of the 
general formula: 

35 



40 




(ID 



45 

wherein R 1 , R 2 and X are as defined in Claim 1 , is condensed with a compound of the general formula: 

50 



55 
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y (CH,)^ 

H.N— < ( CH ^ I , 

X (CH,)./ °r L V (CH,), 




10 



(.III) 



(IV) 



(5 



wherein R 5 is Ft 3 as defined in Claim 1 or a protecting group, and m, n, p, r, s and t are as defined in Claim 1, to 
form a compound of the general formula: 



so 



25 



R' 




H 



(CH,), 



NR" 



(CH,)./ 
or 



R' 



X 



R 



y (CH,)^ 

(^(CH,)„ NR S 
0 ^ U (CH,), 





(Va) (Vb) 

wherein R 1 , R 2 ( R 5 , X, m, n, p, r, s and t are as defined above; and when R 5 is a protecting group, after the protect- 
ing group is removed, a compound of the general formula: 

35 

R 3 -L (VI) 

wherein Lis a leaving group and R 3 is as defined in Claim 1, is reacted therewith, or reductive alkylation is con- 
ducted by using a reducing agent and a compound of the general formula: 

40 

R 6 CHO (VII) 

wherein R 6 is a C 4 . 14 saturated or unsaturated aliphatic hydrocarbon group; further, as the case requires, wherein 
at least one of R 1 and R 2 is a halogen atom, a lower alkoxycarbonyl group or an aralkyioxycarbonyl group, the hal- 
45 ogen atom is reduced to a hydrogen atom, or in the case of a lower alkoxycarbonyl group or an aralkyioxycarbonyl 
group, it is converted to a carbamoyl group, a lower alkylaminocarbonyl group, a di-lower alkylaminocarbonyl group, 
a lower alkoxycarbonyl(Iower)alkylaminocarbonyl group, an aralkyloxycarbonyl(lower)alkylaminocarbonyl group, an 
aralkylaminocarbonyl group, a diaralkylaminocarbonyl group or a hBteroaryl(lower)a!kylaminocarbonyl group, or 
both the reactions are carried out; and further, as the case requires, a compound of the general formula: 

50 

R 4 -L (X) 
wherein R 4 is as defined in Claim 1 and L is a leaving group, is reacted thereto. 

55 9. A method for producing a compound of the general formula (I) as defined in Claim 1, wherein a compound of the 
general formula 



8NSDOCID: <EP 0916668A1 J_> 



40 



EP0 916 668A1 



10 




(VIII) 



wherein R 1 , R 2 and X are as defined in Claim 1 . is reacted with a phosgene or carbonyldiimide, and then a com- 
pound of the general formula: 



15 



20 



HsN 



(CH,).\ 



(CH,)^ 
AcH:)„ 

NT?' (CHO. 
(CH,)./ or 

H-N 




(CH,), 



(III) 



(IV) 



25 



wherein R 5 is R 3 as defined in Claim 1 or a protecting group, and m, n, p, r, s and t are as defined in Claim 1 , is 
reacted therewith, to form a compound of the general formula: 



30 



35 



R 1 




(CH,), 



NR* 



(CH,),/ 



or 



R' 



X, 



(CH,) 



(^■(CH:). NR 
(CH : ). • ' 




1 H 




(CH S ), 



40 



(ixa) 



R J 



(ixb) 



45 



50 



55 



wherein R 1 , R 2 , R 5 , X, m, n, p, r, s and t are as defined above; and when R 5 is a protecting group, after the protect- 
ing group is removed, a compound of the general formula: 



R 3 -L 



(VI) 



wherein L is a leaving group and R 3 is as defined in Claim 1, is reacted therewith, or reductive alkylation is con- 
ducted by using a reducing agent and a compound of the general formula: 



R 6 CHO 



(VII) 



wherein R 6 is as defined in Claim 2; further, as the case requires, when at least one of R 1 and R 2 is a halogen atom, 
a lower alkoxycarbonyl group or an aralkyloxycarbonyl group, the halogen atom is reduced to a hydrogen atom, or 
in the case of a lower alkoxycarbonyl group or an aralkyloxycarbonyl group, it is converted to a carbamoyl group, a 
lower alkylaminocarbonyl group, a di-lower alkylaminocarbonyl group, a lower alkoxycarbonyl(lower)alkylaminocar- 



41 
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bonyl group, an aralkyloxycarbonyl(lower)aikylaminocarh>C' -.' group, an aralkylaminocarbonyl group, a 
diaralkylaminocarbonyl group or a heteroaryi (lower) alkylarr -bonyl group, or both the reactions are carried 
out; and further, as the case requires, a compound a* the get ^rnula: 

r4 ' l (X) 
whereif is as defined in Claim 1 and I <s a leaving group, t& r ->*\ ^sto. 

1 0. A chemokine receptor antagonist which contains the compound as defined in Claim 1 , a pharmaceutical ly accept- 
w able salt thereof, a pharmaceutically acceptable anion-exchange product thereof or a hydrate thereof. 

1 1 . A treating agent for diseases related to chemokine receptors, which contains the compound as defined in Claim 1 , 
a pharmaceutically acceptable salt thereof, a pharmaceutically acceptable anion-exchange product thereof or a 
hydrate thereof. 

12. A treating agent for acute inflammatory diseases, chronic inflammatory diseases, acquired immune deficiency syn- 
drome, cancer, ischemic reflow disorders and/or arteriosclerosis, which contains the compound as defined in Claim 
1, a pharmaceutically acceptable salt thereof, a pharmaceutically acceptable anion-exchange product thereof or a 
hydrate thereof. 



25 



30 



■ 35 



40 



45 



50 



55 
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